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ABSTRACT
1. The sequelae o f  c o n t r o l l e d  per iods  o f  v isua l  exper ience 
on the inco rp o ra t ion  o f  p recursor  in to  p ro te in  and on the 
leve ls  o f  enzymes involved in ACh metabol ism were s tud ied  in 
the  v isua l  and motor c o r te x  o f  Wis tar r a ts  f o l l o w in g  per iods  
o f  v isua l  d e p r i v a t io n  from b i r t h .
2. A small increase o f  in co rp o ra t ion  o f  l y s in e  in to  v is u a l  
c o r te x  p ro te in  in 7 week o ld  dark reared ra ts  was observed 
f o l l o w in g  a one hour per iod o f  v isua l  exper ience,  and a la rge 
increase was observed in both v isua l  and motor co r te x  
fo l l o w in g  v isua l  exper ience immediately a f t e r  normal eye 
opening.
3. Evidence was presented and discussed f o r  the  poss ib le  
fu n c t io n a l  involvement o f  c h o l i n e r g i c  synapses in the  r a t  
neocortex in an adapt ive  response to-new v isu a l  exper ience.
4. The e f f e c t s  o f  th re e  hour per iods  o f  exposure t o  l i g h t  
on v isu a l  c o r te x  a c e ty lc h o l i n e s te ra s e  a c t i v i t y  were found t o  
vary through the day, and a low ampl i tude rhythm o f  a c e t y l ­
cho l in es te rase  a c t i v i t y  was detected in the motor c o r te x  o f  
dark reared and normal ly  reared an ima ls .  The behavioura l  
a c t i v i t y  cyc le  o f  dark maintained ra ts  was found t o  vary  
d i u r n a l l y  w i th  a rhythm which c o r re la te d  w i th  the  motor 
co r te x  a c e ty lc h o l i n e s te ra s e  a c t i v i t y .
5. L ig h t  induced e le v a t io n s  in v isua l  co r te x  ACh enzymes 
and muscar in ic  recep to r  p ro te in  were present in r a t s  o f  from 
one t o  two months o f  age f o l l o w in g  i n i t i a l  v isu a l  exper ience 
associated w i th  m i ld  and cont inuous a c t i v i t y  in a motor d r iv en  
apparatus,  t h i s  procedure a lso  r e s u l t i n g  in some changes in 
motor co r te x  biochemical  measures in dark reared an imals .
6. The v isua l  input  dur ing  th ree  hours o f  v is u a l  
exper ience t o  7 week o ld  dark reared animals was c o n t r o l l e d  
by the use o f  s p e c ia l l y  const ruc ted  corneal con ta c t in g  
lenses, and i t  was observed t h a t  the increases in v isua l  
c o r te x  a c e ty lc h o l i n e s te ra s e  a c t i v i t y  were s t i l l  present  
desp i te  a s ubs tan t ia l  a t te n u a t io n  o f  pa t te rn  v i s i o n  dur ing
I i g h t  exposure.
7. The i n t e r p r e t a t i o n  o f  these experiments is  discussed 
in r e l a t i o n  t o  re le v a n t  work in the l i t e r a t u r e  in terms o f  
the behavioural  and biochemical s ig n i f i c a n c e  f o r  processes 
o f  neural p l a s t i c i t y .
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CHAPTER ONE
NTRODUCTION
I t  has become commonplace to  acknowledge t h a t  the under­
ly ing  neural mechanisms o f  behavioural  p l a s t i c i t y  remain an 
uncomfortably large grey area in our understanding o f  l i v i n g  
systems. The c o n t r i b u t i o n s  o f  neurochemistry in t h i s  area 
contend w i th  a se t  o f  problems which are unique in the  f i e l d  
o f  b io lo gy .  Th is  can be seen as a consequence o f  the  en t repo t  
p o s i t i o n  o f  t h i s  f i e l d  o f  enqu iry ,  where ques t ions  asked in the 
h o r i z o n t a l l y  s t ru c tu re d  f i e l d  o f  b iochem is t ry  meet and in te g ra te  
w i th  the v e r t i c a l  s t r u c t u r e  o f  behavioural  a n a ly s i s  and neuro- 
b io lo g ic a l  t h e o r i z i n g .  Added to  t h i s  are the  hurd les  
encountered by a r e l a t i v e l y  new and c e r t a i n l y  r a p i d l y  deve lop ing 
science.
To proceed from the general t o  the p a r t i c u l a r :  i t  is 
incomprehensible o therw ise  and hence ax iomat ic ,  t h a t  as a 
consequence o f  lea rn ing ,  in v o lv ing  some la s t in g  change in an 
organ ism's  behaviour,  some neural changes occur  w i t h i n  the 
organism. Theprob Iems then e s s e n t i a l l y  become ones o f  f i r s t  
understanding the changes in the an ima ls '  behaviour  -  the focus 
o f  work here in v o lv in g  c o n t r o l s  f o r  behavioural  processes which 
may o r  may not be essen t ia l  t o  the  processes o f  a c q u i s i t i o n  and 
r e c a l l  (however demonstrated) and hence a lso  s to rage ,  in v o lv in g  
a temporal sequence, which are requirements o f  the  lea rn ing  
process. Secondly,  any neural c o r re la te s  which are detected 
f o l l o w in g  the behavioural  procedure must be demonstrated t o  be 
as s p e c i f i c  as poss ib le  t o  these core processes. The neural 
c o r re la te s  may be s t r u c t u r a l ,  phys io log ica l  o r  b iochemica l ,  
poss ib ly  a l l  th ree ,  but o f te n  on ly  one type is  fo l lowed  in any 
one experimental  s i t u a t i o n .
To take the behavioural  cons ide ra t ions  f i r s t . D e f i n i n g
learn ing i t s e l f  is  no easy task .  The concept 
has been w ide ly ,  i f  not  always c o r r e c t l y
used t o  p rov ide a u n i f y i n g  exp lana t ion  o f  c e r t a in  measurable 
changes in an an im a l 's  behaviour.  Thus the  d i s t i n c t i o n  
o r i g i n a l l y  made between performance and learn ing  by Hul l  
(1943) is  always worth bear ing in mind. W h i l s t  performance 
o f  an animal in a t r a i n i n g  s i t u a t i o n  may be descr ibed in a 
p a r t i c u l a r  manner (dependent upon how measured), i t  cannot 
be assumed t h a t  learn ing  under ly ing  the behavioura l  change 
has so a l t e r e d .  An i l l u s t r a t i v e  analogy may be drawn here 
from research on neural processes o f  m o t i v a t io n .  Hunger as 
the hypo the t ica l  s ta te  o f  an organism w i l l  p rov ide  a 
u n i f y i n g  exp lana t ion  f o r  c e r t a in  d ive rse  pa t te rns  o f  
behaviour,  such as the  amount and ra te  o f  inges t ion  o f  food, 
latency before ea t in g ,  running speed in an a l l e y  t o  acqu i re  
food, the  s t reng th  o f  c u r re n t  t o le r a te d  on an e l e c t r i f i e d  
g r id  t o  gain access to  food, the number o f  unrewarded bar 
presses made in a Sk inner  box e tc .  These behavioura l  
measures were c o r re la te d  w i th  responses in hypotha lamic 
reg ions , the ventromedial nucleus (VMM) having been proposed 
(Anand and Brobeck, 1951) as a ' s a t i e t y  c e n t r e ' ' a n d  the  
la te ra l  hypothalamus as a ' feed ing  c e n t r e ' .  Fu r the r
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experiments t o  t e s t  t h i s ,  in v o lv ing  les ion ing  the  VMM,resul ts 
in hyperphagic animals,  w i th  t h e i r  ' s a t i e t y  c e n t r e '  
o b l i t e r a t e d .  However, beh a v io u ra l l y  these an imals ,  a l though 
The q u a n t i t y  o f  food ingested is high in comparison t o  normal 
animals,  appear less mot ivated t o  ea t  as scored by th e  amount 
o f  b i t t e r  t a s t i n g  qu in ine  t o le r a te d  in the food and degree o f  
avers ion t o  e l e c t r i c  shock t o  perform the consummatory a c t  
(Tei te lbaum, 1955). Va lens te in  e t  _a .^ (1970) subsequent ly
5.
demonstrated the  p a r t i c u l a r  behaviour el i c i  ted f o l l o w in g  
hypothalamic s t im u la t io n  was dependent upon environmental  
s t im u lus  con t ro l  f a c to r s ,  and proposed a learned component.
These s tud ies  in d ic a te  a t  leas t  the importance o f  not  
r e l y i n g  on a s in g le  measure o f  behaviour.  The p i t f a l l s  a t  
the behavioural  level  o f  i n t e r p r e t a t i o n  encountered .in 
i n v e s t i g a t in g  neural c o r re la te s  o f  learn ing  -  i n v o lv in g  a 
p a r t i c u l a r  expe r im e n ta l ly  induced a l te re d  behaviour p a t te rn  in 
an animal -  are c e r t a i n l y  no less.  Fundamental ly i t  can be 
asked, how a p p l i c a b le  is imposing a task  on an animal a general 
model f o r  the processes which con t ro l  learn ing? The a c t i v e  
search loop in the  learn ing  cha in ,  in vo lv ing  feedback o f  the  
l»S ->• R-]type is o f te n  neglected in models in v o lv in g  passive 
'exposure t o ’ a s t im u lus  s i t u a t i o n .  Ne i the r  can learn ing  
simply  be regarded in general  as a process o f  behavioura l  
m o d i f i c a t io n  through exper ience,  but must be regarded in the  
con tex t  o f  s p e c ie s - s p e c i f i c  c o n s t r a in t s  on le a rn ing ;  not 
merely o f  the  type accounted f o r  in terms o f  d i f f e r e n c e s  in 
th9 s e n s i t i v i t y  of  per iphera l  receptors  o r  in motor c o n t r o l ,  
but  c e n t r a l l y  a lso .  For example, the  c h a f f in c h  can be made 
t o  learn the wrong p a t te rn  o f  song i f  record ings o f  a d u l t  c a l l  
notes w i th  the o rder  o f  the  phrases changed are played t o  i t  
from b i r t h ,  but  i t  cannot be deceived in to  lea rn ing  the  songs 
o f  o the r  species in t h i s  way (Hinde, 1970). Hence some 
perceptual  f i l t e r i n g  mechanisms subsuming templa tes  can be 
regarded as fundamental .  Th is  may be l inked t o  processes o f  
a t t e n t i o n  and e s p e c ia l l y  s e l e c t i v e  a t t e n t i o n  (Suther land and 
Mackintosh, 1971) -  what fea tu res  o f  the s t im u l i  p resen t  are 
analysed and d isc r im ina ted  and subsequently s to red  in the 
memory? P h y s io l o g i c a l l y ,  t h i s  aspect may in vo lve  changes in 
e f f e r e n t  C c e n t ro - fu g a I ) pathways to  con t ro l  incoming even ts .
7.
Hence the  animal is l i k e l y  t o  be learn ing to  a t tend t o  the 
re le v a n t  s t im u lus  dimensions, and subsequent ly learns t o  a t tach  
the c o r re c t  responses t o  s t im u l i  having d i f f e r e n t  values along 
these dimensions ( g e n e r a l i z a t i o n ) .  Thereby lea rn ing  invo lves 
a reduc t ion  o f  u n c e r ta in ty  o f  poss ib le  response outcomes in a 
p a r t i c u l a r  s i t u a t i o n ,  dependent upon the number o f  outcomes 
and the r e l a t i v e  p r o b a b i l i t y  o f  occurrence o f  each a l t e r n a t i v e .  
St imulus  u n c e r ta in ty  is a lso  important  in r e l a t i o n  t o  accuracy 
o f  r e c o g n i t io n .  Some o f  these issues can be i l l u s t r a t e d  by 
cons ide ra t ion  o f  a model system o f  lea rn ing ,  the  neurochemical 
c o r re la te s  o f  which have been w ide ly  in ves t iga ted  (Horn e t  a l . ,  
1973; Rose, 1978b). Th is  is  im p r in t in g  in the  c h ic k ,  where 
the  young b i rd  learns t o  f o l l o w  a natura l  o r  a r t i f i c i a l  
s t im u lus .  Here the s ig h t  o f  the  im p r in t in g  o b je c t  ac ts  as.a 
re leaser o f  behaviour causing fo l l o w in g  -  a response which 
has e s s e n t i a l l y  been pre-programmed. What is being learned?
-  undoubtedly some s p e c i f i c  perceptual  fea tu re s ,  and responses 
in vo lv ing  the e l i c i t a t i o n  o f  soc ia l  behaviour ( s oc ia l  at tachment)  
An environmental  s t im u lus  thus acqu ires  r e i n f o r c i n g  p r o p e r t i e s  
(Campbell and Pickleman, 1961) dur ing a p a r t i c u l a r  deve lop­
mental stage o f  the animal,  whereupon the  process o f  im p r in t i n g  
narrows the range of  s t im u l i  w i th  these r e i n f o r c i n g  p r o p e r t i e s .
In a t r a i n i n g  s i t u a t i o n ,  the  r o le  o f  m o t i v a t io n  is  a lso  
l i k e l y  t o  be impor tant .  Watts and Mark (1971) have used a 
one t r i a l  learn ing  s i t u a t i o n  in the young c h ic k  where a s in g le  
avers ive  experience (as s oc ia t ion  o f  an e v i l - t a s t i n g  substance 
w i th  a coloured bead) subsequent ly s u b s t a n t i a l l y  m od i f ie s  the  
b i r d ’ s behaviour towards t h a t  o b je c t  ( i t  r e f r a i n s  f rom peck ing ) ,  
and some biochemical  c o r re la te s  o f  t h i s  exper ience have been 
analysed. Th is  can be in te rp re ted  as a d is tu rbed  m o t i v a t io n
t o  peck a t  a c lass  o f  o b je c ts  w i th  which fea r  may be assoc ia ted ,  
o r  i n h i b i t i o n  o f  a na tu ra l  response t o  a c lass  o f  s t i m u l i ,  in 
a d d i t i o n  t o  the  lea rn ing  o f  a s p e c i f i c  v isua l  d i s c r im in a t i o n .
F i n a l l y ,  the  d i v e r s i t y  o f  conc lus ions which behavioura l  
ana lys ts  have produced f o l l o w in g  the study o f  d i f f e r e n t  behaviour 
pa t te rns  subsumed under the  learn ing  mant le,  is  o f t e n  more 
s t r i k i n g  than the  agreement. The focus o f  the  neurochemist ry 
o f  learn ing  has in a sense spun o f f  from the  American beh av io u r is t  
’Sk inner  box techno logy ’ t r a d i t i o n ,  in which an adequate 
d e s c r ip t i o n  o f  the learn ing  phenomena has been assumed in terms 
o f  obta ined c o n d i t io n in g  performance curves o f  the standard 
labora to ry  r a t .  S i t u a t i o n a l  determinants have been unde rs t ressed . 
Thus the percept ion o f  s t im u lus  r e la t i o n a l  elements which is  
essen t ia l  t o  any learn ing  task  is  p a r t l y  under s t im u lus  c o n t r o l ,  
and in te r a c t s  w i th  s p e c ie s - s p e c i f i c  c o n s t r a in t s ,  m a tu ra t iona l  
f a c to r s  and w i th  prev ious  exper ience . The degree o f  p l a s t i c i t y  
is i t s e l f  p l a s t i c .  A few examples can i l l u s t r a t e  these p o in t s .  
Pre-exposure t o  c e r t a in  v isua l  in fo rmat ion  dur ing  normal deve lop­
ment has been shown to  in f luence  the subsequent lea rn ing  o f  
these d i s c r im in a t io n s  in the  r a t  (Oswalt , 1972) and in the  c h ic k  
(Chantrey,  1972).  D ep r iva t ion  s tud ies  have prov ided dramat ic  
in d ic a t io n s  o f  the degree o f  p l a s t i c i t y  (Held and Hein,  1963; 
Blakemore and..Cooper,1970) and prov ide an obv ious area in which 
to  study neural c o r r e la t e s .  The process o f  lea rn ing  can be 
envisaged as a complex i n t e r a c t i v e  process between organism and 
environment,  in v o lv ing  elements o f , feed fo rw a rd  from the  s t im u lu s  
and feedback from the r e s u l t s  o f  a c t io n s .  These are l i k e l y  t o  
invo lve  changes in a number o f  neural systems. At tempts to  
e x t r a c t  and de f ine  common fea tu res  o f  d ive rse  lea rn ing  phenomena 
must encompass observed behaviour  as wide as un re in fo rced  o r
9.
’ Inc iden ta l  c ue ’ learn ing  o f  the r a t  In a maze, ’ i n s ig h t  
l e a rn in g ’ in the  chimpanzee f i r s t  descr ibed by Kohler (1925) 
where a sudden g e s t a j t  r e s u l t s  in a problem so lved, and the  
cumulat ive fo rmat ion  o f  learn ing  sets  o r  ’ lea rn ing  to  l e a r n ’ .
The o v e r t r a i n i n g  reversa l  e f f e c t ,  w i th  which the  more a task  
is le a rn t  -  and hence presumably the  more permanent the neural 
m o d i f i c a t io n s  -  the  eas1er i t  is f o r  an animal t o  be t r a in e d  t o  
unlearn i t ,  is a lso  worthy o f  c o n s id e ra t io n .
These are some o f  the behavioural  c o n s id e ra t io n s .  What o f
the approaches devised t o  encompass these cons ide ra t ions?  I t  is  
not  at tempted here t o  review the  voluminous I i t e r a t u r e  on the 
neurochemistry o f  lea rn ing  and exper ience which has now 
accumulated, but some s p e c i f i c  exper imental  approaches are h igh ­
l igh ted  as i l l u s t r a t i v e .  I t  is  u sua l l y  assumed t h a t  neuro­
chemical changes detected o r  assoc ia ted w i th  one exper imenta l  
learn ing s i t u a t i o n  -  i f  adequate c o n t r o l s  have been prov ided -  
w i l l  u n d e r l ie  o the r  and d i f f e r e n t  learn ing  p r o to c o ls ,  and t h a t  
the s p e c i f i c i t y  o f  the  exper ience is  encoded in o th e r  ways, 
poss ib ly  by the  p a r t i c u l a r  addresses o f  the  c e l l s  in vo lved .
The d u r a b i l i t y  o f  storage o f  a learned exper ience,  a f t e r  the 
process of  c o n s o l id a t io n  in to  long term memory has occur red, is 
we I I known. Whereas s ho r t  term memory processes r e q u i re
p r a c t i c e  i f  they  are not t o  decay r a p id l y ,  and are s u s c e p t ib le
t o  phys ical  and pharmacological d i s r u p t i o n ,  a p r o p o r t io n  o f  t h i s  
in fo rmat ion  may be subsequent ly t r a n s fe r r e d  t o  long term s to rage .
I t  is  assumed t h a t  s t r u c t u r a l  changes occur  in the  c o n n e c t i v i t y  
o f  neurons invo lved.  Most s tud ies  then have assumed th e  major 
s i t e  t o  be synap t ic ,  a l though the  way in which t h i s  process may 
occur is sub jec t  t o  cons iderab le  debate.  A number o f  mechanisms 
are poss ib le ,  and these may inc lude the  appearance o f  new synapses.
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changes in the s ize  o f  e x i s t i n g  synapses, a l t e r e d  ra tes  o f  
product ion o f  t r a n s m i t t e r s  and changes in the p re -  and pos t -  
synap t ic  membranes.
There have been at tempts a lso  t o  i d e n t i f y  unique changes in 
macromolecules to  assoc ia te  w i th  a p a r t i c u l a r  unique learned h a b i t .  
Thus Ungar CI968, 19741 announced the i s o la t i o n  o f  a pept ide which 
was claimed t o  mediate dark avoidance in roden ts ,  a h a b i t  which i t  
was a lso  c la imed could be t r a n s fe r re d  t o  naive animals by 
i n j e c t i o n  o f  t h i s  substance. i t  has a lso  been proposed t h a t  some 
o f  the endogenous pept ides and pept ides formed in nervous t i s s u e s  
may be p u ta t i v e  t r a n s m i t t e r s  CReichel t  and Edminson, 1977; Iversen, 
1978) and t h a t  these may mediate memory CDe Wied, 1977; R e ic h e l t  
e t  , 1978). There now seems l i t t l e  doubt a t  leas t  t h a t  the 
spate o f  dramat ic  e a r l y  exper iments re p o r t i n g  the  successfu l  
in teran imal  t r a n s f e r  o f  learned hab i ts  in p Iana r ia  CMcConne1, 1966) 
o r  v e r te b ra te s  (Babich jet ja^^, 1965) mediated through the  
i n j e c t i o n  o f  t r a in e d  animal homogenate, b ra in  homogenate, s p e c i f i c  
RNA enr iched e x t ra c t s ,  o r  p r o te in s ,  can a l l  be dismissed on a 
v a r i e t y  o f  sound t h e o r e t i c a l  grounds (Rose and Lon gs ta f f ,  1979) 
and from a subsequent h i s t o r y  o f  f a i l u r e s  o f  independent r e p l i c a t i o n  
o f  these r e s u l t s .
Another approach has involved the  a d m in is t r a t i o n  o f  s p e c i f i c  
i n h i b i t o r s  o r  f a c i l i t a t o r s  o f  va r ious  biochemical  mechanisms, and 
examined the  t ime course o f  t h e i r  e f f e c t s  on the  a c q u i s i t i o n  and 
re c a l l  o f  learned responses. Thus Deutsch (1971) using the  i n t r a -  
cerebra l  i n j e c t i o n  o f  d i i s o p ro p y l  f Iuorophosphate CDFP), an a n t i ­
cho l in es te rase ,  has t r a in e d  animals on a Y maze and repor ted 
f a c i l i t a t i o n  o f  t h i s  h a b i t  i f  animals were in je c te d  28 days l a t e r  
a f t e r  f o r g e t t i n g  had occurred,  but blockage o f  the  h a b i t  i f  
i n j e c t i o n  occurred s h o r t l y  a f t e r  t r a i n i n g .  The e f f e c t s  o f
i n j e c t i o n  o f  an a n t i c h o l i n e r g i c  were oppos i te .  From these and 
s i m i l a r  exper iments,  i t  was concluded t h a t  as a r e s u l t  o f  
lea rn ing ,  the pos tsynap t ic  endings a t  a s p e c i f i c  se t  o f  
synapses become more s e n s i t i v e  t o  the  t r a n s m i t t e r .
A number, o f  groups have employed i n h i b i t o r s  o f  RNA and 
p ro te in  syn thes is .  Act inomycin D, a b locker  o f  RNA syn thes is ,  
has been reported a lso  t o  block memory a f t e r  in v iv o  i n j e c t i o n  
in the g o ld f i s h  and rodent  (Agranoff  £ f  £ l_. , 1965; Squire  and 
Barondes, 1970). On the  o the r  hand, b lockers  o f  DNA syn thes is  
such as arab inosy I cy tos ine  have shown no e f f e c t  on lea rn ing  and 
memory where they  have been used in a s i m i l a r  s i t u a t i o n  (Casola 
e t  , 1968),  and concepts o f  c e l l  r e g u la t io n  do not normal ly  
imply t h a t  DNA tu rn s  over .  Thus a block a t  the  t r a n s c r i p t i o n a l  
level  has been reported t o  produce s i m i l a r  e f f e c t s  on memory 
storage to  the large body o f  exper imental  evidence im p l i c a t in g  
p ro te in  s y n th e t i c  mechanisms. However, the i n t e r p r e t a t i o n  o f  
these exper iments is not a t  a l l  obvious; the r e s u l t s  are p a r t l y  
species-dependent,  the agents themselves are ex t remely  t o x i c  
and have a d i v e r s i t y  o f  behavioural  and biochemical  sequelae, 
and i t  would perhaps be s u r p r i s i n g  i f  some e f f e c t s  on le a rn ing  
in some s i t u a t i o n s  had not been demonstrated.
The agents used to  block  p ro te in  syn thes is  have g e n e r a l l y  
less t o x i c  e f f e c t s ,  and a g rea t  number o f  exper iments have been 
reported w i th  t h e i r  use. In v ivo  a d m in is t r a t i o n  has been 
demonstrated as d i s r u p t i n g  the  r e te n t i o n  o f  learned responses 
in the g o ld f i s h  CAgranoff e t  , 1965) and the rodent CFIexner 
and F lexner,  1965) which was dependent upon the t ime o f  i n j e c t i o n  
a f t e r  t r a i n i n g .  Flood e t ( 1975)  have subsequent ly  demon­
s t ra te d  t h a t  the  i n j e c t i o n  o f  anisomycin a t  va r ious  t imes a f t e r  
t r a i n i n g  r e s u l t s  in a p rogress ive  loss o f  r e t e n t i o n ,  dependent 
upon the  ex ten t  o f  the p ro te in  syn thes is  blocked.
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Some o f  these agents have been shown t o  have e f f e c t s  o the r  
than on p ro te in  syn thes is  -  purom yc in , fo r  example, has been 
shown t o  cause m itochondr ia l  s w e l l in g ,  and cyc lohex im ide t o  
lead t o  lowered norad renal in leve ls  (F lexner  and Goodman,1975).  
BehaviouraI  Iy,  some o f  the agents involved have a lso  been shown 
t o  have o the r  e f f e c t s  than on memory; the p a t te rn  o f  o v e r a l l  
motor a c t i v i t y  in r a t s , f o r  example, is  a l te re d  by c y c lo ­
heximide (Squire  and Barondes, 1970) and anisomycin (S.P.R.
Rose and N. Wood, unpub l ished),  a l though these e f f e c t s  have 
been claimed t o  be independent o f  the  e f f e c t  on r e te n t i o n  
(Sega I ^  a_l_' ; 1971).
Al though in d iv id u a l  exper iments can be c r i t i c i s e d ,  the 
o v e ra l l  evidence from i n h i b i t o r  s tud ies  would in d ic a te  t h a t  
p ro te in  syn thes is  is  a requirement f o r  the  r e te n t i o n  o f  
long- term memory. Fu r the r ,  the  use o f  more s p e c i f i c  
i n h i b i t o r s  o f  c e l l u l a r  mechanisms may lead t o  an increased 
understanding o f  the  t ime course o f  the events involved in 
c o n s o l i d a t io n .  Thus, la rg e ly  on the  basis o f  the  t ime course 
o f  the  e f f e c t s  o f  several  d i f f e r e n t  i n h i b i t o r s ,  McGaugh ( 1958) 
and Gibbs and Ng (1977) have proposed th ree  phase models o f  
memory c o n s o l id a t io n ,  a l though these must remain no more than 
s p e c u la t iv e  working hypotheses.
F i n a l l y ,  a number o f  s tud ies  have sought t o  d e te c t  
r e g io n a l l y  s p e c i f i c  changes p r i m a r i l y  in v o lv in g  RNA, p ro te in s  
o r  enzymes fo l l o w in g  a lea rn ing  exper ience in the  absence o f  
b lock ing  agents.  Whi le in p r i n c i p l e  t h i s  approach is p robably  
capable o f  p rov id ing  the  most d i r e c t  evidence o f  the  involvement 
o f  these molecules,  the  p r a c t i c a l  d i f f i c u l t i e s  o f  behav ioura l  
con t ro l  and the problems o f  b iochemical i n t e r p r e t a t i o n  are 
la rge .  The e a r l i e s t  and probably  best known exper iments are
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those o f  Hyden e t  who, using micro techn iques o f  hand 
d is s e c t io n  o f  neurones and g l i a , r e p o r t e d  (Hyden and Egyhazi , 
1962) changes in t o t a l  RNA and the base r a t i o s  o f  i so la ted  
RNA o f  c e l l s  in D ie te rs  nucleus in animals which had learned 
t o  balance on an in c l i n e d  w i re ,  but  which were no t  presen t 
in pass ive ly  s t im u la ted  c o n t r o l s .  The behavioura l  c on t ro l  
f o r  v e s t i b u l a r  s t im u la t io n  was, however, not  r e a d i l y  
comparable. An improvement o f  c o n t ro ls  was achieved by 
t r a i n i n g  ra ts  t o  reach f o r  food w i th  a non -p re fe r red  paw, 
using each animal as i t s  own c o n t r o l .  S im i la r  changes in 
RNA to  those he had repor ted ear l  1er were observed (Hyden 
and Egyhazi , 1964) in a d d i t io n  to  an a l te re d  p a t te rn  o f  ^H 
leuc ine inco rp o ra t ion  in to  proteins (Hyden, 1973) o f  the  
sensor i -moto r  c o r te x ,  and increases in the  b ra in  s p e c i f i c  
p ro te in  S-lOO and o f  ca lc ium ions in a hippocampal reg ion 
(Hyden and Lange, 1970) -  an an t ibody t o  which was repor ted 
to  prevent  learn ing  o f  the s k i l l  (Hyden, 1973). These 
exper iments represent  a cons iderab le  body o f  evidence in 
respect o f  the p a r t i c u l a r  changes detected f o l l o w in g  a 
learn ing  task ,  and al though sub jec t  t o  both behav ioura l  and 
biochemical d i f f i c u l t i e s  (Rose and Haywood, 1977) concern ing 
t h e i r  unequivocal i n t e r p r e t a t i o n ,  a number o f  o th e r  s tu d ie s ,  
using a v a r i e t y  o f  t r a i n i n g  methods, have s i m i l a r l y  repor ted 
comparable changes in RNA and p ro te in  syn thes is  in several  
species,  a l though i n e v i t a b l y  in cons is tenc ies  a r i s e .
Hershkowitz e t  _al_. (1975) have reported a p a t te rn  o f  
changes in d i f f e r e n t  amino ac ids  incorporated in to  b ra in  
p ro te in  f o l l o w in g  learn ing  in the  rodent o f  a p o s i t i v e l y  
r e in fo rc ed  task ,  Popov _et aj_* (1976) the enhancement o f  
la be l led  fucose in c o rp o ra t ion  f o l l o w in g  learn ing  in the  r a t
o f  a v isua l  tas k  (a shock mot ivated b r igh tness  d i s c r i m i n a t i o n ) ,  
and Shashoua (1970, 1976) the  enhancement o f  i n c o r p o r a t i o n 'o f  
precursors  in to  RNA and in to  s p e c i f i c  p ro te in  f r a c t i o n s  in the 
g o ld f i s h  b ra in  f o l l o w in g  an adjustment t o  swimming in an unstab le  
s t a te  (al though the  con t ro l  f o r  d i f f e r e n t i a l  s t re s s  e f f e c t s  would 
not appear t o  be complete ) -  which p ro te in s  tended t o  be secreted 
in to  CSF dur ing t r a i n i n g  and an t ibod ies  t o  which tended t o  
impair  the r e te n t i o n  o f  the  behaviour (Shashoua and Moore, 1978).
None o f  these exper iments,  nor many o the rs  not  mentioned 
here,  have c o n c lu s i v e ly  i n d i v i d u a l l y  demonstrated the  involvement 
o f  these macromolecules s p e c i f i c a l l y  w i th  lea rn ing  t o  the 
exc lus ion  o f  an a l t e r n a t i v e  exp lana t ion ,  and t h i s  r e f l e c t s  the  
d i f f i c u l t i e s  inherent  in dev is ing  s u f f i c i e n t l y  adequate c o n t r o l s ,  
f o r  example, f o r  aspects o f  d i f f e r e n t i a l  s t re s s ,  motor a c t i v i t y ,  
handl ing e f f e c t s ,  m o t iv a t io n a l  fac to rs ,  and a t t e n t i o n  (Bateson,
1976) -  some o f  which have been shown t o  in f luence  in c o rp o ra t io n  
ra te  in o s te n s ib l y  ’ n o n - le a rn in g ’ s i t u a t i o n s  (Rees e t  _al_., 1974; 
Jakoubek _et a j [ . , 1970). A l t e r a t i o n  in p recursor  in c o rp o ra t io n  
could r e f l e c t  changes in the labe l led  o r  un label  led p recu rso r  pool 
s izes ,  and degradat ion  as wel l  as syn thes is  o f  macromolecules may 
be a l te re d  dur ing exper imental  t rea tm en t .  Even where c o n t r o l s  o r  
methods o f  c a l c u la t i o n  have been employed to  min im ise these poss i ­
b i l i t i e s ,  a l t e r a t i o n s  in p ro te in  syn thes is  i t s e l f  may be on ly  a 
general c o r r e la t e  o f  the  exper ience and need not be c e n t r a l ,  o r  i t  
may indeed be on ly  p a r t  o f  a much la rge r  metabo l ic  m o b i l i z a t i o n .
One o f  the most s o p h is t i c a te d  long-term a t tempts  t o  d e l in e a te  
f u r t h e r  both the biochemical and behavioural aspects o f  a le a rn ing  
exper ience has been the  im p r in t i n g  exper iments in the  young c h ic k  
(Horn e t  , 1973; Rose, 1978b) re fe r re d  t o  e a r l i e r .  An ordered 
temporal sequence o f  events f o l l o w in g  t h i s  exper ience have been 
descr ibed; these inc lude t r a n s i e n t  f l u c t u a t i o n s  in several
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enzyme le v e ls ,  inc lud ing  the  enzymes of  ACh metabol ism and o f  
RNA syn thes is ,  enhanced inco rp o ra t ion  o f  u r a c i l  in to  RNA and 
o f  amino ac ids  in to  p ro te in s ,  especia l  I y in one p a r t i c u l a r  
f o re b ra in  area. S i g n i f i c a n t  p o s i t i v e  c o r r e la t i o n s  between 
one p a r t i c u l a r  measure o f  h a b i t  s t reng th  and the  amount o f  
in co rpo ra t ion  o f  u r a c i l  in to  RNA and of  leuc ine in to  a t u b u l i n  
r i c h  p ro te in  f r a c t i o n  in t h i s  one b ra in  area have been detected 
Furthermore, a v a r i e t y  o f  behavioural  c o n t r o l s  have rendered i t  
improbable t h a t  one o f  these f in d in g s  -  the  increased 
inco rp o ra t ion  o f  u r a c i l  in to  RNA -  is  an e f f e c t  assoc ia ted 
.w i th  s t re s s ,  sensory s t im u la t io n  per se, o r  a l t e r e d  motor 
a c t i v i t y .
A l l  the experiments so f a r  descr ibed have at tempted t o  
r e la t e  neurochemical changes d i r e c t l y  t o  a t r a i n i n g  exper ience ; 
another type o f  approach has concentrated on the  neural 
c o r re la te s  o f  novel exper ience in n o n - t ra in in g  s i t u a t i o n s ,  and 
has been p r im a r i l y  concerned w i th  t r a n s i e n t  and long- term 
aspects o f  neuronal p l a s t i c i t y .  Th is  has involved s u b je c t in g  
animals t o  some profound changes in environment dur ing  deve lop­
ment. Th is  approach possesses the  p a r t i c u l a r  advantage t h a t  
morphological and p h y s io lo g ic a l  s tud ies  can complement the  
biochemical f i n d in g s .  The exper imental  procedure g e n e ra l l y  
invo lves re a r ing  animals under va ry ing  degrees o f  r e s t r i c t e d  
exper ience -  o f te n ,  f o r  ease o f  p r a c t i c a l  c o n t r o l ,  i n v o lv i n g  
the v isua l  m oda l i t y  -  sometimes fo l lowed by c o n t r o l l e d  per iods  
o f  a l te re d  exper ience.  By t h i s  means i t  is  poss ib le  t o  exp lo re  
the nature and ex ten t  o f  behavioural  and neural  p l a s t i c i t y .  The 
adapt ive changes which occur under these c o n d i t io n s  have, in 
genera l ,  been assumed t o  be broader and la rge r  sca le  analogues 
o f  the changes which may occur  and u n d e r l ie  adap ta t ion  t o  a 
p a r t i c u l a r  learn ing exper ience (Rose, 1977, 1978).
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In the  rodent, morphological  s tud ies  (Va lverde,  1967) 
in d ic a te  a reduc t ion  o f  the number o f  spines on the  ap ica l  
dendr i tes  o f  pyramidal  c e l l s  in the v isua l  c o r te x  oc c u r r in g  as 
a r e s u l t  o f  20 days o f  dark re a r ing  in the mouse, and which is 
fo l lowed by the growth o f  new spines a f t e r  v isua l  exper ience 
(Valverde, 1971). Changes in the number and d e n s i t y  o f  
synapses have a ls o  been repor ted (Gragg, 1967, 1969) as a 
consequence o f  v isua l  exper ience f o l l o w in g  50 days o f  dark 
rea r ing  in the r a t  in both the v isua l  c o r te x  and l a te r a l  
g e n ic u la te  nuc leus. Borges and Berry (1978),  using Golg i-Cox 
methods,have demonstrated a pa t te rn  o f  re o rg a n is a t io n  o f  
den d r i tes ,  and changes in the g l i a l / n e u r o n a l  c e l l  r a t i o  in 
layer  IV o f  the v isua l  c o r te x  o f  dark reared and subsequent ly 
l i g h t  exposed ra ts  compared t o  normal animals.
Stud ies on the  man ipu la t ion  o f  v isua l  exper ience in the  
ca t  have p a r t i c u l a r l y  provided examples o f  dramat ic  p a r a l l e l  
morpho log ica l ,  p h y s io lo g ic a l ,  biochemical and behav ioura l  
a l t e r a t i o n s .  As an example, Spencer and Coleman (1974) have 
observed changes in the  dend r i tes  o f  s t e l l a t e  c e l l s  in layer  IV 
and o f  pyramidal c e l l s  o f  layers I I I  and IV o f  the  v is u a l  c o r te x  
which are in f luenced by the  d i r e c t i o n  o f  s t r i p e s  exper ienced 
dur ing dark rea r ing ,  w h i le  Blakemore and Cooper (1970) repor ted  
s i g n i f i c a n t  m o d i f i c a t io n  o f  the  recep t ive  f i e l d  p r o p e r t i e s  o f  
v isua l  co r te x  neurones in animals reared dur ing a c r i t i c a l  per iod  
w i th  v isua l  exper ience on ly  o f  s t r i p e s  in one d i r e c t i o n ,  and 
which was r e f l e c t e d  by a p p ro p r ia te  behavioural  d e f i c i t s  in v is u a l  
performance. B inocu la r  d e p r i v a t io n  o f  v isua l  in pu t  f rom b i r t h  has 
been shown to  r e s u l t  in increased inco rp o ra t ion  o f  *^C leuc ine  
in to  v isua l  co r te x  p ro te in s  f o l l o w in g  u n i l a t e r a l  v is u a l  
s t im u la t io n  (Skangiel-Kramska o t a1. 1978)para I le led  by a number o f
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phys io log ica l  (Blakemore, 1977) and morphologica l  (Garey 
and Pe t t ig rew ,  1974) c e l l u l a r  changes.
Reg iona l ly  s p e c i f i c  biochemical changes f o l l o w in g  dark 
rea r ing  and i n i t i a l  v isua l  exper ience have been repor ted in a 
number o f  spec ies.  Increased inco rpo ra t ion  o f  amino ac ids  
in to  v isua l  c o r te x  p ro te in s  has been found in the monkey and 
r a b b i t , f o l l o w i n g  exposure t o  f la s h in g  I i g h t  (Ta I war e t  a l . ,
1965; Singh and Ta I war, 1969) which was a fu n c t io n  o f  the  l i g h t  
i n t e n s i t y .  Murthy e t  a^y (1977) have repor ted decreases in 
v isua l  co r te x  cy top lasmic  RNA and membrane bound polysoma I 
changes in f o u r  week o ld  dark reared r a t s ,  and an increased 
inco rpo ra t ion  o f  precursors in to  p ro te in s  and RNA f o l l o w in g  
exposure t o  f l a s h in g  and cont inuous l i g h t  o f  va ry ing  wave­
lengths.  Tubu l in  syn thes is  has been repor ted t o  be depressed 
in the v isua l  co r tex  o f  dark reared ra ts  and e levated 
fo l l o w in g  eye opening and v isua l  exper ience (Perry  and C ron ly -  
D i l l o n ,  1978). Mares e t  £j_. (.1975) have repor ted  a 
s i g n i f i c a n t  developmental a l t e r a t i o n  in the ra te  o f  g l i a l  
p r o l i f e r a t i o n  in the la te r a l  g en icu la te  nucleus and v isu a l  
co r tex  o f  depr ived r a t s ,  and changes in the  I eve Is o f  several  
t r a n s m i t t e r  r e la te d  enzymes in the v isua l  c o r te x ,  l a t e r a l  
g en icu la te  nucleus and supe r io r  col l i e u  I us o f  dark reared r a t s  
have been found (Male t ta  and T im i ras ,  1967, 1968; Big I e t  a l . ,  
1974a, 1974b; Meisami, 1975).
On ths  basis o f  these and s i m i l a r  obse rva t ions ,  i t  has 
been proposed t h a t  sensory inpu t  p a r t l y  shapes the process o f  
synap t ic  development in the v isua l  system o f  the  mammal, 
a l though undoubtedly the  s e n s i t i v i t y  and t ime dependency o f  the  
e f f e c t s  vary g r e a t l y  amongst d i f f e r e n t  spec ies .  Th is  approach 
should be capable o f  d i s t i n g u i s h in g  which p l a s t i c  neural
adapta t ions  t o  exper ience are t r a n s i e n t  and r e v e r s ib l e ,  are 
longer term, and are in t e r a c t i n g  w i th  normal neural develop­
mental processes. In t h i s  sense a l l  o f  the  approaches which 
have been descr ibed complement each o the r .  As a f ramework o f  
i n t e r p r e t a t i o n ,  i t  has been proposed (Rose, 1977, 1978a) t h a t  
t h ree  general c lasses  o f  neurones e x i s t  in the  b r a in ;  those 
which have connect ions s p e c i f i e d  independent ly o f  exper ience,  
thosswhich are m o d i f ia b le  on ly  dur ing  a s e n s i t i v e  per iod  in 
development, and another category in which synap t ic  modula t ion  
may occur in response t o  novel exper ience th roughout  l i f e .
Th is  general paradigm is adopted in the exper iments 
descr ibed in t h i s  t h e s is .  The exper imental  s i t u a t i o n  employed 
in t h i s  p r o je c t  is  the  f i r s t  exposure o f  dark reared ra t s  t o  
the  l i g h t .  This model system, o r i g i n a l l y  e x p lo i te d  by Rose 
(1967),  has s ince  been the focus o f  cons ide rab le  biochemical  
i n v e s t i g a t io n  and a coherent pa t te rn  o f  changes has been 
detected .  The m er i ts  may be summarized. The la bo ra to ry  r a t  has 
been the  s ub jec t  o f  ex tens ive  bas ic  biochemical  and behav ioura l  
research,  and hence ready comparison o f  r e s u l t s  is p o s s ib le .  The 
v isua l  system is wel l  understood a t  the anatomical  and phys io ­
lo g ica l  le v e ls .  Exper imen ta l ly ,  a l t e r a t i o n s  in v isua l  inpu t  
can be r e a d i l y  and e a s i l y  c o n t r o l l e d  in comparison t o  the  o th e r  
sensory m o d a l i t i e s .  Al though v i s u a l l y  mediated behaviour  may 
not appear t o  be the obvious choice o f  study in the  a l b in o  r a t ,  
i t  is  known t h a t  ex tens ive  per iods  o f  dark r e a r in g  produce no 
severe pa tho log ica l  changes in the  v isua l  system o f  the  type 
known t o  occur in some o the r  mammals (Reisen, 1950). Dark 
reared ra ts  show on ly  some minor decrements in v isu a l  a b i l i t y  
dur ing i n i t i a l  v isua l  exper ience,  when compared w i th  the  normal 
a b i l i t i e s  o f  animals reared th roughout  t h e i r  l i v e s  in a v is u a l
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environment.  The p a r t i c u l a r  design employed in these 
experiments enables comparisons t o  be made between dark reared 
animals and normal ly  experienced l i t t e r  mates, in a d d i t i o n  to  
animals which have received s ho r t  per iods  o f  v isua l  
exper ience a t  any t ime a f t e r  b i r t h .
As has been b r i e f l y  descr ibed, a number o f  comparable 
s tud ies  on dark reared rodents have demonstrated measurable 
morphological  changes in the  v isua l  system a t  the  E.M. and 
l i g h t  m icroscopic  level  as a r e s u l t  o f  the a l t e r e d  exper ience , 
and d i r e c t  p a r a l l e l  microanatomicaI work using the  same 
exper imental  design has been performed (Cragg, 1967, 1969), 
in a d d i t i o n  to  o the r  comparable biochemical s tu d ie s .  Previous 
work from the Open U n iv e r s i t y  Bra in  Research Group has shown 
t h a t  the ra te  o f  in co rp o ra t ion  o f  precursors  i n to  p ro te in s  o f  
the v isua l  system o f  50 day o ld  dark reared r a t s  is less than 
t h a t  o f  normal animals,  and is t r a n s i e n t l y  increased f o l l o w in g  
one to  th ree  hours o f  v isua l  exper ience (Richardson and Rose, 1972; 
Richardson,19741. These changes have been detected a t  the  c o r t i c a l ,  
gen icu la te  and r e t i n a l  le v e ls ,  and the  increased in c o rp o ra t io n  
is on ly  in to  a l im i te d  number o f  p ro te in s  (Richardson and Rose, 
1973a, 1973b). A f t e r  one hour o f  l i g h t  exposure,  much o f  the  
e le v a t io n  in the v isua l  c o r te x  is r ibosoma l ly  bound (Jones- 
Leco i nte e t  , 1976). The c e l l u l a r  locus o f  these e f f e c t s  
ind ica tes  the e le v a t io n  is  conf ined to  a neuronal f r a c t i o n ,  and 
the re  is an increase in the  ra te  o f  in c o rp o ra t ion  i n t o  a r a p i d l y  
l a b e l l i n g  and exported neuronal g ly c o p ro te in  f r a c t i o n  (Rose and 
Sinha, 1974), switched on w i t h in  an hour o f  v is u a l  exper ience 
in to  a t u b u l i n  r i c h  f r a c t i o n  (Rose e t  _al_., 1976). Th is  l a t t e r  
is a la s t i n g  e f f e c t ,  in c o n t r a s t  t o  a t r a n s i e n t  response t o  
v isua l  exper ience.  Other l a s t i n g  changes t o  v is u a l  exper ience  
include an increase in the leve ls  o f  several  lysosomal 
enzymes (Sinha and Rose, 1976).  More t r a n s i e n t  v is u a l
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co r te x  modulat ions t o  expe r ience , in  t h a t
there is. an increase in I i g h t  exposed animals over  both normal 
and dark maintained animals which is de tec tab le  a f t e r  several  
hours but not 24 hours o f  exposure,  inc lude the  syn thes is  o f  
p a r t i c u l a t e  g l y c o p ro te in s  (Burgoyne and Rose, 1978), and an 
increase in a t u b u l i n  r i c h  f r a c t i o n  (S tewar t  and Rose, 1978).
A f u r t h e r  c lass  o f  s h o r t  term changes involves the  enzymes o f  
ACh metabol ism (Sinha and Rose, 1976) and the  m uscar in ic  
c h o l i n e r g i c  recep to r  (Rose and Stewar t ,  1978).
Thé present  p r o je c t  has concentrated on the changes in c h o l i n e r g i c  
components, and in p a r t i c u l a r  the  degradat ive  enzyme a c e t y l ­
c ho l in es te ras e ,  w i th  which t o  i n v e s t ig a te  some s t im u lus  c o n t ro l  
procedures.  The accumulat ing evidence o f  the  s p e c i f i c  b io ­
chemical a l t e r a t i o n s  assoc ia ted w i th  v isua l  exper ience posed some 
s p e c i f i c  quest ions concerning the  re le v a n t  f ea tu re s  o f  the t o t a l  
environmental  s t im u lus ,  and the  behavioural  c on tex t  in which 
they occur red. I t  was not p ra c t i c a b le  w i t h in  the t im e 
c o n s t r a in t s  o f  the present  p r o je c t  t o  i n v e s t i g a te  more than one 
o r  two biochemical markers in which t o  c on t ro l  behavioura l  
procedures, and the  emphasis here has been to  p rov ide  a f u r t h e r  
d e s c r ip t i o n  o f  some o f  the v a r ia b le s  involved w i th  the  a c e t y l ­
c ho l in e  system. With these c o n s t r a in t s  in mind, the  aims o f  
t h i s  p r o je c t  were conceived in general terms as be low:
(1) To r e l a t e  biochemical  modulat ions in the cerebra l  c o r te x  
t o  s p e c i f i c  aspects o f  a l t e r e d  exper ience,  t o  determine the  
e x ten t  and nature o f  the state-dependent  c o r r e l a t i o n s .
(2) "To  measure aspects o f  a l te re d  behaviour produced dur ing  
dark rea r ing  and i n i t i a l  v isua l  exper ience,  and t o  a t tempt  t o  
c o r r e la t e  these w i th  the  biochemical measures.
(3) To design and employ exper imental  t rea tm en ts  t o  c o n t ro l  
the  non-v isua l  v a r ia b le s  and the nature o f  the v isua l  exper ience 
dur ing  f i r s t  exposure.
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(4) To determine i f  the biochemical  responses are t o  some 
ex ten t  dependent upon the length o f  dark r e a r in g ,  and t o  r e la t e  
these to  ongoing processes o f  matu ra t ion and development o f  
the nervous system.
(5) To i n t e r p r e t  the s ig n i f i c a n c e  o f  the  biochemical  responses 
w i th  respect  t o  the  fu n c t io n  o f  the s ta te  dependence in terms
of  the r e s u l t s ,  and o f  f i n d in g s  from o the r  sources.
W ith in  these general cons ide ra t ion s .  Chapter 2 presents  
r e s u l t s  obta ined using the  inco rpo ra t ion  o f  la b e l le d  ly s in e  in to  
v isua l  c o r te x  p ro te in s  under d i f f e r e n t  exposure regimes, using 
immature and young a d u l t  animals,and prov ides  some p r e l im in a r y  
but suggest ive r e s u l t s  as an in t r o d u c t io n  t o  t h i s  p r o j e c t .
Chapter 3 prov ides  a more d e ta i le d  survey o f  the  c h o l i n e r g i c  
system and i t s  r e la t i o n s h ip  t o  p l a s t i c i t y  in behav iour ,  and 
Chapter 4 descr ibes  the  p r a c t i c a l  biochemical  assay procedures 
employed in t h i s  s tudy.  Chapter 5 presents the  r e s u l t s  o f  
experiments i n d ic a t i n g  the in f luence  o f  c i r c a d ia n  f l u c t u a t i o n s  
in leve ls  o f  enzyme, in the biochemical response t o  v is u a l  
exper ience, and in behaviour dur ing  v isua l  exper ience.  One 
aspect o f  behaviour dur ing v isua l  exper ience - o v e r a l l  motor 
a c t i v i t y  -  and i t s  r e la t i o n s h ip  to  c o r t i c a l  changes in ACh 
enzymes and recep to r  p ro te in  was f u r t h e r  in v e s t ig a te d  in 
animals o f  d i f f e r e n t  age groups. These r e s u l t s  are presented 
and discussed in Chapter 6. Chapter 7 descr ibes  th e  r e s u l t s  
o f  experiments designed to  de f in e  more p r e c is e ly  the  re le v a n t  
fea tu res  o f  the v isua l  exper ience dur ing  l i g h t  exposure.  F i n a l l y ,  
Chapter 8 prov ides a syn thes is  o f  the  main conc lus ions  o f  t h i s  
research, toge the r  w i th  t h e i r  poss ib le  s i g n i f i c a n c e ,  and 
ind ica tes  some f u r t h e r  poss ib le  d i r e c t i o n s  f o r  f u t u r e  work.
CHAPTER TWO
NCORPORATION STUDIES -  REPLICATION AND EXTENSION
Experiments were designed i n i t i a l l y  t o  r e p l i c a t e  the 
e levated in co rp o ra t ion  o f  lys ine  in to  ac id  p r e c i p i t a b l e  
p ro te in s  which has been shown t o  occur  dur ing  a one hour 
exposure t o  l i g h t ,  using the  50 day o ld  dark  reared r a t ,  and t o  
subsequent ly extend these procedures to  animals o f  d i f f e r e n t  
ages. F i r s t l y ,  some p re l im in a ry  work was requ i red . '  In 
p a r t i c u l a r ,  i t  was necessary t o  e s ta b l i s h  the  temporal para­
meters o f  in co rp o ra t ion  o f  the  precursor  in to  v isua l  and motor 
co r tex  p ro te in s  as determined in the homogenates. Al though 
t h i s  work has been descr ibed by Tip lady (1972b) and Richardson 
(1974),  i t  was deemed essen t ia l  t o  ensure t h a t  the  opt imal  
in co rpo ra t ion  per iod had remained s i m i l a r ,  due t o  the  p o s s i ­
b i l i t y  o f  gene t ic  d r i f t  o r  o the r  f a c to rs  having occur red in 
our c lo s e ly  inbred colony o f  W is tar  CFHB an imals .
M a te r ia ls  and Methods 
Animals
The animals employed in these exper iments were a l l  male 
Wis tar  r a ts  from the  CFHB s t r a i n  born and reared in the  animal 
house a t  the  Open U n iv e r s i t y  Department o f  B io logy ,  and used 
when 50±5 (range) days o f  age, a t  which t im e they  weighed 
140-200 grams in these exper iments.  These animals were reared 
under approx imate ly  a 12 h l i g h t / 12 h dark l i g h t i n g  regime, 
kept in cages 57 cm x 39 cm x 18 cm, and al lowed food and water 
ad I i b i t u m .
Procedure
3L - ( 4 , 5 ( n ) -  H) ly s ine  monohydrochloride (Radiochemical  Centre,  
Amersham, Bucks.)  was used as the  chosen p recu rso r  in these 
exper iments,  having been shown (La j tha  and Marks, 1971) t o  have a
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s u i t a b l y  high f a c i l i t y  o f  uptake in to  the p recursor  pools in 
the b ra in .  Al though i s o to p ic  exchange o f  t r i t i u m  w i th  water 
seems t o  occur  w i t h in  an hour o f  a d m in is t ra t i o n  (T ip  lady,
1972b), i t  has not been shown, nor does i t  seem reasonable t o  
assume, t h a t  the ra te  o f  i s o to p ic  d i s s o c ia t i o n  is s i g n i f i c a n t l y  
a l te re d  by one exper imental  c o n d i t io n  ra th e r  than ano ther,  
(a l though the ra te  o f  uptake may v a r y ) .  Aga ins t  t h i s  is 
balanced the g re a te r  number o f  animals which can be used a t  
s i m i l a r  cos t  compared w i th  using the carbon la be l led  compounds. 
A l l  animals were in jec ted  in t raper i tonea . I  ly  w i th  50 yCi in 
0.5  ml o f  0.9# sal ine, t h i s  route  having been shown (T ip la d y ,  
1972b) t o  r e s u l t  in good r e p r o d u c i b i l i t y  and t o  cause a 
minimum o f  s t re s s .
Immediately a f t e r  i n j e c t i o n ,  animals were placed in 
in d iv id u a l  cages in the open labo ra to ry  f o r  the  f o l l o w in g  t ime 
per iods :  15 mins, 30 mins, 60 mins, 120 mins. A f t e r  each 
t ime pe r iod ,  th ree  animals were k i l l e d  by a blow t o  the  back o f  
the  neck, and the b ra ins  r a p id l y  removed ( < 45 secs) and placed 
on P e t r i  d ishes cooled on ice .
Visual  and motor c o r t i c e s  were dissected and cleaned o f
under ly ing  wh ite  m a t te r .  In a d d i t io n  to  the  pr imary  v isu a l  
p r o je c t i o n  area ( s t r i a t e  c o r te x )  some v isua l  a s s o c ia t io n  areas 
were taken as v isua l  c o r te x ,  making the t o t a l  c o r t i c a l  v isu a l  
area removed some 80-100 mg (wet w e igh t ) .  A s i m i l a r  q u a n t i t y  
o f  c o r t i c a l  matte r  was removed from the a n t e r i o r  p o r t i o n  o f  the  
b ra in  compr is ing f r o n ta l  (motor) co r te x .  F ig .  2.1 i l l u s t r a t e s  
the loca t ion  and ex te n t  o f  the  c o r t i c a l  areas removed. L e f t
and r i g h t  halves o f  each b ra in  were pooled and homogenized in
5 .0  ml o f  0.9# s a l i n e  using an MSE top d r i v e  macerator a t  
14000 RPM f o r  60 secs. Three a l i q u o t s  (each in d u p l i c a te )  o f
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each o f  these homogenate samples were taken and processed as 
fo l l o w s :
(1) 1.0 ml was taken and p r e c ip i t a t e d  f o r  a t  leas t  one hour
wi th  ice -co ld  t r i c h l o r a c e t i c  ac id  (TOA) c o n ta in in g  10 mM 
ly s ine  t o  d isp lace  f re e  r a d io a c t i v e  p recu rso r .  These were 
c e n t r i f u g e d  a t  2000 RPM f o r  15 mins and the  supernatant  
discarded. The p e l l e t s  were fragmented and washed th ree  t imes 
by resuspending in TCA fo l lowed by f u r t h e r  c e n t r i f u g a t i o n .  The 
p e l l e t s  were d r ie d ,  then s o l u b i l i z e d  in 0 .3  ml o f  NOS (Amersham/ 
Sear le,  High Wycombe, Bucks.) a t  50*  ^ C f o r  1-3 h. The tubes 
were washed ou t  w i th  10 ml s c i n t i l l a n t  c o n ta in in g  6 g / 1 , 2 -  
diphenyl  d ioxazo le  (PPO) and to luene and methoxyethanoI in equal 
p ro p o r t io n s .  These were counted on a Beckman LS 150 s c i n t i l l a t i o n  
coun te r ,  and quench cor rec ted  by the  ex te rna l  standard method 
accord ing t o  standard quench c u r v e s . "
(2) A second a l i q u o t  o f  0.5 ml was taken and immediately 
s o l u b i l i z e d  and subsequent ly t re a te d  as descr ibed under ( I )  
above, f o r  es t im a t ion  o f  t o t a l  r a d i o a c t i v i t y  in the  homogenate.
(3) A t h i r d  p o r t io n  o f  100 y I was taken f o r  p ro te in  
es t im a t ion  by the method o f  Lowry o t  _a|_. (1951) in a t o t a l  
volume o f  4.5 ml and read aga ins t  a d i s t i l l e d  water blank using 
a BSA standard (I mg/m I ) on a Bausch and Lomb Spec t ron ic  700 
spect rophotometer .
The inco rp o ra t ion  o f  the precursor  was expressed in two 
ways -  s p e c i f i c  a c t i v i t y  (SA) which was de f ined as d i s i n t e g r a t i o n s /  
minute/mg p ro te in  in the ac id  p r e c ip i t a b l e  m a te r i a l ,  and r e l a t i v e  
s p e c i f i c  a c t i v i t y  (RSA) obtained by c a l c u l a t i n g  the  r a t i o  o f  
d i s in te g r a t io n s /m in u te  in the TCA inso lub le  mater i a I t o  t h a t  in 
the t o t a l  homogenate, and m u l t i p l y i n g  t h i s  by 100 t o  express i t  
as a percentage.
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The r e s u l t s  o f  these t im e course experiments are shown 
g r a p h i c a l l y  in F igs .  2.2 and 2 .3 ,  which represen t  the  means ±
S.E.M.. Acid in so lu b le  r a d i o a c t i v i t y  increased s t e a d i l y  up t o  
one hour a f t e r  i n j e c t i o n ,  very s i m i l a r l y  in both b ra in  reg ions ,  
and the re  was no apprec iab le  f u r t h e r  increase dur ing  the 
subsequent hour.  This was ev iden t  in both the SA and RSA 
measures. These r e s u l t s  are very s i m i l a r  t o  those repor ted  by 
Tip lady (1972b) and Richardson (1974).  The standard e r r o r s  on 
the RSA measures are sm a l le r  than those f o r  the SA f i g u r e s ,  
r e f l e c t i n g  the g rea te r  r e l i a b i l i t y  o f  t h i s  measure (Rose, 1967). 
Having conf i rmed the  s u i t a b i l i t y  o f  t h i s  exper imental  c o n t ro l  
procedure,  a one hour exposure per iod w i th  a s imultaneous pu lse 
o f  r a d i o a c t i v i t y  was chosen f o r  subsequent exper iments in v o lv i n g  
the  exposure o f  the  50 day o ld  dark reared animals t o  the  l i g h t .
These i n i t i a l  exper iments were d i rec ted  a t  rep I i c a t in g  the  
reg iona l  s p e c i f i c  e le v a t io n  o f  in co rp o ra t ion  o f  the  ^H ly s in e  
in to  p ro te in s  as determined in un f rac t iona ted  homogenates by 
Rose (1967) and Richardson and Rose (1972),  which is  consequent 
upon exposing the 7 week o ld  v i s u a l l y  inexper ienced r a t  t o  a 
one hour per iod o f  v isua l  exper ience.
The biochemical procedures are e s s e n t i a l l y  id e n t i c a l  t o  
those reported above f o r  the t ime course exper iments .  The 
d i f f e r e n c e  in the  animal re a r in g  procedure is  as f o l l o w s .  L i t t e r s  
were reared by p lac ing  the pregnant females p r i o r  t o  p a r t u r i t i o n  
in to  cages measuring 36 cm x 24 cm x 10 cm and d ispos ing  these 
in s ide  l i g h t - t i g h t  wooden boxes which were s tored in ad jacen t  
p o s i t i o n s  on racks in the animal house. Feeding and wa te r ing  
o f  animals and c lean ing  o f  cages was c a r r i e d  o u t  tw ic e  weekly ,  
as qu ick  y as fe a s ib le ,u n d e r  i l l u m in a t i o n  from a dim red lamp -  a 
spec t ra l  f requency range to  which the a lb in o  r a t  is  a lmost
27
Legend to  Figures 2.2 and 2.5
Time course o f  in co rp o ra t ion  o f  lys ine  in to  TCA 
inso lub le  m ate r ia l  in v isua l  (broken l i n e )  and motor 
( s o l i d  l i n e )  co r te x .  50 day o ld  normal ly  reared ra ts  
were in jec ted  in t r a p e r i to n e a I  I y w i th  50 yCi ly s ine  
and inco rpo ra t ion  determined a t  the t imes shown.
Fig.  2.2 represents  RSA's (TCA inso lu b le  DPM/totaI 
homogenate DPM X 100#) and F ig .  2 .3  SA's (TCA 
inso lu b le  DPM/mg p r o t e i n ) .  Each p o in t  represents  the 
mean ± S.E.M. o f  3 de te rm ina t ions .
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in s e n s i t i v e  ( S i l v e r ,  1967). At  21-24 days a f t e r  b i r t h  o f  the 
l i t t e r ,  the mother,  the female in fa n ts  and, in large l i t t e r s ,  
approx imate ly  one t h i r d  o f  the  male animals were removed. The 
removed male in fa n ts  were t r a n s fe r r e d  to  a s in g le  cage in a 
d i f f e r e n t  pa r t  o f  the  same animal house. These animals were 
kept under c o n d i t io n s  o f  approx imate ly  12 h l i g h t / 12 h dark ,  
and used as normal c o n t r o l s  (Normals, N) a t  50 ± 5 (range) days 
o f  age a t  which age they  weighed 180 ± 40 (range) grams, a range 
not  s i g n i f i c a n t l y  d i f f e r e n t  from t h e i r  dark reared I i t t e rm a te s ,  
o r  from animals reared under normal animal house c o n d i t io n s  f o r  
t h e i  r  e n t i r e  I ives.
Animals were exposed t o  i l l u m in a t i o n  ( luminous f l u x  1000 t o
25000 lumens/m ) by t r a n s f e r r i n g  the dark re a r in g  boxes t o  an 
open labo ra to ry  and randomly s e le c t i n g  about h a l f  o t  the dark 
reared animals t o  be exposed in ad jacen t  in d iv id u a l  cages on a 
bench. The dark reared and unexposed animals were i n d i v i d u a l l y  
t r a n s fe r r e d  t o  f resh dark boxes on the same bench a f t e r  i n j e c t i o n  
under a dim red lamp. P la te  I i l l u s t r a t e s  the  c o n d i t io n s  o f  a 
l i t t e r  o f  animals ins ide  an opened dark box, and P la te  2 
i l l u s t r a t e s  the t y p ic a l  exper imental  c o n d i t io n s  o f  the  l i g h t  
exposed animals dur ing the exposure per iod .
As p rev io us ly  de f ined ,  the  b ra in  regions  examined were v is u a l  
and motor c o r t i c e s  in each case. L e f t  and r i g h t  halves o f  each 
b ra in  region were r o u t i n e l y  processed sepa ra te ly ,  and the  r e s u l t s  
a r i t h m e t i c a l l y  summed and averaged a t  the end. The means ± S.E.M. 
o f  the r e s u l t s  o f  these exper iments are i l l u s t r a t e d  in F igs .  2 .4  
and 2 .5 .  These r e s u l t s  represent  data s tandard ized in the  
f o l l o w in g  manner. A l l  s p e c i f i c  a c t i v i t y  r e s u l t s  were normal ised 
around a standard body we ight o f  150 g ( i . e .  SA = X, body we igh t
[g
1
Legend t o  Figures 2.4 and 2.5
Inco rpo ra t ion  o f  ly s ine  in v isua l  and motor 
c o r te x  o f  l i g h t  exposed (wh i te  bars) and dark c o n t ro l  (dark  
bars) l i t t e r m a t e  an imals .  50 day o ld  dark reared ra ts  
were in jec ted  i n t r a p e r i t o n e a I l y  w i th  50 yCi H ly s in e  and 
k i l . led  a f t e r  one hour o f  exposure t o  t h e i r  r e s p e c t iv e  
c o n d i t io n s .  Fig.  2.4 represents  the  means ± S.E.M. o f  
the RSA's and F ig .  2.5 the  means ± S.E.M. o f  the  S A 's , i n  
each case s tandardized t o  a mean common to  3 exper iments 
compr is ing a t o t a l  o f  13 animals (6 l i g h t  exposed, 7 
dark c o n t r o l ) . Visual  c o r te x  RSA L/D = I . 10 ( t  = 4.468, 
p < 0 . 001) .
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Y, then normal ised SA - XV/150),  in o rde r  t o  c o r r e c t  f o r  
v a r i a t i o n s  in systemic d i s t r i b u t i o n  and uptake. Three separate 
experiments were performed, using a t o t a l  o f  13 animals.  As 
the re  was some v a r i a t i o n  between the l i t t e r s ,  the mean values o f  
RSA and SA f o r  each e x p e r i m e n t / l i t t e r  were c a lc u la te d  and 
cor rec ted  t o  equate w i th  the mean o f  a l l  the  experiments 
combined, by s c a l in g  the values o f  i n d iv id u a l  animals 
acco rd ing ly .  Th is  procedure (e . g . Rose, 1967), w h i le  reducing 
the i n t e r  l i t t e r  v a r i a t i o n ,  does not s y s te m a t i c a l l y  a l t e r  the 
s ize  o f  d i f f e re n c e s  between c o n d i t io n s  (L and D) represented 
w i th in  each l i t t e r .  There is a small (10%) but s i g n i f i c a n t  
( t  - 4.468, D.F. = I I , p < 0.001) e le v a t io n  o f  in co rp o ra t ion  
c a lc u la ted  on the s tandard ized RSA measure in the v is u a l  c o r te x  
on ly  o f  the l i g h t  exposed animals (see F ig .  2 . 4 ) .
The exposure c o n d i t io n s  represented in these experiments are 
comparable t o  those o f  Richardson and Rose (1972) who repor ted 
an e le v a t io n  o f  8.4% ( s ig .  p < 0.005) in v isu a l  c o r te x  RSA 
o f  animals a t  t h i s  age exposed t o  l i g h t  f o r  one hour,  and which 
had increased t o  17% ( s ig .  p < 0 . 01) a f t e r  a two hour per iod o f  
exposure. These RSA r e s u l t s  can t h e r e fo re  be regarded as a 
c lose  r e p l i c a t i o n  under s i m i l a r  c o n d i t io n s .  Th is  increase is 
not r e f l e c te d  in the s p e c i f i c  a c t i v i t y  data repor ted here (F ig .  
2 .5 ) .  As can be noted, even w i th  the s tandard ized f i g u r e s  
the re  e x i s t s  some cons iderab le  v a r i a b i l i t y  between in d iv i d u a l  
animals r e f l e c te d  in the la rge r  standard e r ro r s  here.  In these 
experiments t h i s  may have been s u f f i c i e n t  t o  mask the  small but  
expected s i m i l a r  increase in SA in c o rp o ra t io n .  I t  should be 
noted in t h i s  con tex t  t h a t  Richardson and Rose (1972) repor ted 
a 12.1% ( s ig .p  <0.01) increase in v isua l  c o r te x  SA measures a f t e r  
a one hour per iod o f  exposure but which had f a l l e n  t o  a
36.
(non-sign i f  lean t )  increase o f  6.3% a f t e r  two hours.  
A l t e r n a t i v e l y ,  the  discrepancy between the RSA and SA re s u l t s  
repor ted in t h i s  presen t exper iment may in d ic a te  t h a t  t h i s  
increase is r e la te d  to  changes in p recursor  pool s izes .
I t  is  an assumption and m o t iva t ion  o f  t h i s  t h e s is  t h a t  the 
e x ten t  and nature o f  the  s t im u lu s - t r i g g e r e d  neurochemical 
responsesto v isua l  exper ience are state-dependent  and vary  w i th  
a complex o f  f a c to r s ,  some o f  which are discussed f u l l y  in l a t e r  
chap te rs .  Behav iou ra l l y ,  these can be summarized as c i r c a d ia n  
fa c to r s  (Richardson and Rose, 1971; Wood and Rose, 1979a)and 
le ve ls  o f  behavioural  -  and presumably c o r t i c a l  -  a rousa l .
Th is  l a t t e r  may be re la te d  t o  n o n -s p e c i f i c  e f fe c ts ,p e rh a p s  i 
in v o lv in g  d i f f e re n c e s  in l i g h t  i n t e n s i t y ,  ambient temperature 
and noise leve ls  dur ing exposure t o  the new v isua l  exper ience.
To t e s t  t h i s  assumption, a s i m i l a r  s e t  o f  exper iments t o  
the ones repor ted above was performed using id e n t i c a l  procedures 
save t h a t  the exposure occurred under d i f f e r e n t  c o n d i t io n s ,  
in c lud ing  a lower o v e ra l l  noise level  and in dim a r t i f i c i a l  
i l l u m in a t i o n  (approx imate ly  50 lumens/m^). Normal animals were 
a lso  used in these exper iments .  Animals were exposed in a room 
o f  low wal l  r e f l e c t i v i t y /  (dark  blue)  t o  a s in g le  overhead 
tungs ten l i g h t  source located a t  a d is tance o f  approx im ate ly  
2 m from the exper imental  bench. Five separate exper iments 
were undertaken here,  using a t o t a l  o f  32 animals (13 l i g h t  
exposed, II dark c o n t r o l s ,  8 normals) .
Figs .  2.6 and 2 .7  represent  g r a p h i c a l l y  the  means ± S.E.M. 
o f  the r e s u l t s  o f  these exper iments.  In v isua l  c o r te x ,  the 
dark  reared animals show 19-23% less i ncorporaTIon . compared to  
the normal ly  reared animals,  and in the motor c o r te x  the 
inco rpo ra t ion  is some 14-16% less ( s ig .  in v isu a l  c o r te x  RSA,
37.
t  = 2.13,  D.F. = 17, p < 0.05;  SA, t  = 2.45, D.F. = 17, p <
0 .05 ) .  These re s u l t s  can be in te rp re te d  as a lowering o f  the 
ra te  o f  p ro te in  s yn thes is ,  p a r t i c u l a r l y  in the  v isua l  c o r te x  
as a r e s u l t  o f  f u n c t io n a l  i n a c t i v i t y  in the v isua l  system over  
an extended per iod .
I t  w i l l  be noted, however, t h a t  a l though the re  is  a small 
tendency t o  an increase in in co rpo ra t ion  in both the SA and 
RSA measures o f  the l i g h t  exposed animals,  t h i s  does not 
approach s t a t i s t i c a l  s ig n i f i c a n c e .  Th is  d i f f e r e n c e  w i th  the 
r e s u l t s  o f  the prev ious  exper iment (F ig .  2 .4)  was a t t r i b u t e d  to  
the a l te re d  c ond i t ion s  o f  exposure.  In t h i s  c o n te x t  i t  can be 
noted t h a t  prev ious  f in d in g s  from t h i s  labo ra to ry  (Rose, Sinha 
and Broomhead, 1973) ind ica ted  t h a t  the b iphas ic  na ture  o f  the 
i n i t i a l  t r a n s i e n t  e le v a t io n  o f  amino ac id  in co rp o ra t io n  fo l lowed 
by a prolonged per iod o f  depression o f  in co rp o ra t io n  is r a d i c a l l y  
a l te re d  ( the depression phase is absent)  by exposure to  more 
subdued l i g h t i n g  in an i s o la t i o n  room. The s h i f t  f rom a peak 
inco rpo râ t  ion ra te  3 h a f t e r  the commencement o f  exposure 
(Rose, 1967) t o  one observed a f t e r  I h (Richardson and Rose,
1972) is perhaps a lso  an in d ic a t i o n  o f  the  dependence o f  the 
h ig h ly  s e n s i t i v e  and i n t e r a c t i v e  biochemical processes responsive 
to  changes in the environment o r  in the  behavioura l  s t a te  o f  the 
animal on p a r t i c u l a r  q u a n t i f i a b l e  d i f f e re n c e s  in exposure 
c o n d i t io n s .
An importan t quest ion which remained unanswered was t o  what 
ex ten t  do the e f f e c t s  o f  dark rea r ing  and subsequent l i g h t  
exposure i n t e r a c t  w i th  ongoing developmental processes? One 
in te r p r e t a t i o n  o f  v isua l  d e p r i v a t i o n / s t im u la t i o n  exper iments  is 
t h a t  they a r t i f i c i a l l y  delay the  appearance o f  a normal ly
38,
Legend t o  Figures 2.6 and 2.7
3
Inco rpo ra t ion  o f  H lys ine  in l i g h t  exposed ( l i g h t  
bars ) ,  dark con t ro l  (dark bars) and normal ( s t r i p e d  bars) 
l i t t e r m a t e  animals.  50 day o ld  r a ts  were in je c te d  i n t r a -  
pe r i tonea l  ly w i th  50 yCi l y s ine  and k i I  led a f t e r  one 
hour o f  exposure t o  t h e i r  respec t ive  c o n d i t io n s .  F ig .  2 .6  
represents RSA's (v isua l  c o r te x  N/D~“= 1.19, t  = 2 .13,  p < 
0.05) and F ig .  2.7 represents  SA's (v isua l  c o r te x  N/D =
1.23, t  = 2 .45,  p < 0 .05 ) .  The re s u l t s  in each case 
de p ic t  the means ± S.E.M. o f  5 experiments (13 l i g h t  
exposed animals,  I I dark con t ro l  and 8 normals) .
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occu r r ing  developmental process, which would n a t u r a l l y  appear 
on i n i t i a l  v isua l  exper ience in the a lb in o  r a t  a t  around 14-16 
days p o s t n a t a l l y ,  w i th  p a r t in g  o f  the e y e l id s .  Th is  exp lana t ion  
probably  assumes a g re a te r  p l a s t i c i t y  of  developmental mechanisms 
in the  r a t  than has so f a r  been demonstrated (Big I and B ieso ld ,  
1978), the 50 day o ld  animal having la rg e ly  completed cerebra l  
(Benjamins and McKhann, 1972) and behavioural  (B a rn e t t ,  1975) 
processes o f  matu ra t ion .
Never the less,  the wel l  documented responses t o  l i g h t  exposure
in the 50 day old animal had not been demonstrated t o  occur  a t
d i f f e r e n t  ages. This would seem impor tant  in respec t  o f  at tempts
to  r e la te  the  neurochemical changes d i r e c t l y  t o  the s ubs t ra te  o f
the learn ing  phenomena which may ( indeed, must) be o c c u r r in g  dur ing
i n i t i a l  v isua l  exper ience,  and which would not be assumed t o  be
unique t o  the .seven week o ld  an imal.  In r e l a t i o n  t o  t h i s ,  i t  had
been demonstrated (Dewar, Reading and Winte rburn,  1973; Dewar and
14Winterburn,  1973) t h a t  the  inco rpo ra t ion  o f  C o r o t i c  ac id  i n to  
RNA in the v isua l  c o r te x  is enhanced dur ing i n i t i a l  v isu a l  
exper ience in a s t r a i n  o f  21 day old r a t s .  These exper iments can 
be regarded as p e r t i n e n t  t o  the presen t ones, in t h a t  a p a r t  f rom • 
the s i m i l a r i t y  o f  the behavioural  t rea tment ,  increased syn thes is  
o f  RNA as the template  f o r  p ro te in  syn thes is  would be expected. In 
a d d i t i o n ,  i t  seemed sens ib le  t o  e x p l o i t  the  known h igher  ra tes  o f  
cerebra l  p ro te in  syn thes is  in younger animals ( M i l l e r ,  1969).
Two age po in ts  were chosen f o r  these exper iments,  around the  
age o f  convent ional  weaning (21 days) and normal eye opening (c .
15 days).  I t  could not be assumed t h a t  the opt imal  t ime per iod  o f  
r a d io a c t i v e  pulse and/or  l i g h t  exposure would be in any way 
comparable t o  t h a t  in the mature animals,  and the  problem was 
approached i n i t i a l l y  by running a t ime course o f  in c o rp o ra t io n  
in normal 20 day old animals.
42.
Twelve animals were used in t h i s  i n i t i a l  exper iment.
The procedure was e s s e n t i a l l y  s i m i l a r  t o  t h a t  descr ibed
ear l  i e r  f o r  the  50 day o ld  animal w i th  the f o l l o w in g  
d i f f e r e n c e s .  Animals used were 20 days o f  age and weighed 
40 ± 7 g , t o  which f i g u r e  s p e c i f i c  a c t i v i t y  r e s u l t s  were 
cor rec ted  as descr ibed e a r l i e r .  Animals were in je c te d  w i th  
25 yCi o f  ly s in e .
As be fore ,  th ree  animals were used a t  each t ime per iod 
o f  15, 30, 60 and 120 minutes.  Figs.  2 .8  and 2.9 i l l u s t r a t e  
the means ± S.E.M. o f  these r e s u l t s .  Inco rpo ra t ion  increases 
very r a p id l y  over  the i n i t i a l  hour t o  reach 53% RSA and 
an SA f i g u r e  o f  8000. These can be compared w i th  the f i g u re s
o f  33% and 3000 obta ined w i th  the 50 day o ld  animals a f t e r  one
3
hour w i th  tw ice  the  q u a n t i t y  o f  H lys ine  in je c te d .  Like the 
r e s u l t s  obta ined w i th  the  o ld e r  animals however, on ly  a 
minimal f u r t h e r  increase was observed between the  f i r s t  and 
second hour p o s t - i n j e c t  ion.  Indeed, w i th  the  s p e c i f i c  
a c t i v i t y  measure a t  le as t ,  the  ra te  o f  increase has r a p id l y  
dec l ined a f t e r  the i n i t i a l  30 minutes.
Two t ime periods were chosen f o r  exposure o f  the  weanl ings 
to  l i g h t ,  both using a s imultaneous pulse o f  25 yCi l y s in e ,  
w i th  o the r  procedures e x a c t l y  as descr ibed f o r  the exper iments 
i l l u s t r a t e d  in F igs.  2.4 and 2.5 (open la bo ra to ry  exposure 
c o n d i t i o n s ) .  As dark reared female I i t t e r m a te s  were a v a i l a b le  
a t  t h i s  age, i t  was decided t o  use these in a d d i t i o n  t o  the 
male an imals .  R ou t ine ly ,  these had been excluded from our  
normal exper imental  design a f t e r  Richardson (1974) had 
observed t h a t  al though the mean level  o f  in c o rp o ra t io n  (RSA)
3
o f  H lys ine  a f t e r  a one hour exposure per iod  was very  s i m i l a r  t o  
t h a t  o f  the male a n im a ls , - th e  var iance in the  r e s u l t s  was some 
6- f o l d  g re a te r  w i th  the  50 day o ld  female an imal.  Th is  may be
43,
Legend t o  Figures 2.8 and 2.9
3
Time course o f  in co rp o ra t ion  o f  H lys ine  in
v isua l  (broken l i n e )  and motor ( s o l i d  l i n e )  c o r te x
o f  20 day o ld  normal ly  reared r a t s .  Animals were
3in jec ted  in t r a p e r i to n e a I  I y w i th  25 yCi H l ys ine  
and in co rp o ra t ion  determined a t  the t imes shown. 
F ig .  2 .8  dep ic ts  the RSA’ s and F ig .  2.9 the SA's.  
Each p o in t  represents the  means ± S.E.M. o f  3 
de te rm ina t ions .
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46.
re la te d  t o  d i f f e re n c e s  In c i r c u l a t i n g  hormones, some o f  which 
become p a r t i c u l a r l y  a c t i v e  a t  t h i s  age as sexual m a tu r i t y  is 
approached, and which may a f f e c t  the ra te  o f  uptake. I t  was 
assumed t h a t  these d i f f e re n c e s  would not be as p rev a len t  a t  
weaning, and acco rd ing ly  a l l  l i t t e r m a t e  animals were used.
The t ime per iods  used f o r  these exper iments were 60 mins 
( r e s u l t s  ± S.E.M. i l l u s t r a t e d  in F igs .  2.10 and 2.11)  and 30 
mins (F igs .  2.12 and 2 .13 ) .  Separate r e s u l t s  are presented 
f o r  the  male and female animals in each group. F igs .  2.10 
and 2 . 1.i represent  the r e s u l t s  obtained w i th  a t o t a l  o f  20 
animals (6 l i g h t  exposed and 6 dark con t ro l  males, and 4 l i g h t  
exposed and 4 dark con t ro l  females).  F igs .  2.12 and 2.13 
represent  the r e s u l t s  w i th  a t o t a l  o f  13 animals (3 l i g h t  
exposed males and 4 l i g h t  exposed females and 3 dark c o n t ro l  
animals o f  each sex) .
Al though these experiments must be regarded as i n i t i a l
e x p lo ra to ry  a t tempts ,  using smail numbers o f  animals in o rde r
to  e s ta b l i s h  an opt imal ex po su re / inco rpo ra t ion  pe r iod ,  they
prov ide no in d ic a t i o n  o f  any c o n s is te n t  p a t te rn  o r  t rend  t o
d i f f e re n c e s  between the l i g h t  exposed and dark c o n t ro l  animals
a t  t h i s  age. I t  would seem unwarranted t o  accept these
p re l im in a ry  r e s u l t s  a t  face value however, in v iew o f  the
14reported e le v a t io n  o f  C o r o t i c  ac id  in to  RNA in the  v is u a l  
c o r te x  o f  21 day o ld  l i g h t  exposed animals (Dewar, Reading 
and Winterburn,  1973) and o f  s o lub le  g ly c o p ro te in s  in to  v isu a l  
and motor co r tex  o f  21 day o ld  animals (R.D. Burgoyne and 
S.P.R. Rose, unpub l ished).
One exp lana t ion  which may account f o r  t h i s  nega t ive  f i n d i n g  
is t h a t  a l l  animals used in these exper iments were exposed 
between 14.00 and 16.00 hours.  I t  has subsequent ly been shown
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Legend t o  Figures 2.10 t o  2.15
Inco rpo ra t ion  o f  l y s ine  in v isua l  and motor
co r te x  o f  l i g h t  exposed (wh i te  bars) and dark con t ro l  
(dark  bars) 21 day o ld  male and female l i t t e r m a t e  r a t s .  
Animals were in jec ted  i n t r a p e r i t o n e a I l y  w i th  25 yCi 
l y s ine  and k i l l e d  a f t e r  50 minutes (F igs .  2.10 and 
2.11) and 30 minutes (F igs .  2.12 and 2.13) o f  exposure 
t o  t h e i r  respec t ive  c o n d i t io n s .  The r e s u i t s  represen t
the  means ± S.E.M. o f  from 3 t o  5 animals in each
c o n d i t io n .
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(Wood and Rose, 1979a) t h a t , a t  leas t  as f a r  as AChE is 
concerned, the s t im u lus  induced e lev a t ion s  are much reduced 
o r  absent i f  exposure occurs la te  in the day, and t h a t  t h i s  
is probably r e la te d  t o  the c i r c a d ia n  rhythm o f  behaviour
'
which p e r s i s t s  even in the dark reared an imal.  The 
imp I i c a t  ions o f  these f i n d in g s  are discussed f u r t h e r  in 
Chapter 5 o f  t h i s  t h e s i s .  These r e s u l t s  do in d ic a te ,  however, 
t h a t  the v a r i a b i l i t y  o f  the data, obta ined w i th  female 
animals (as deduced from the  S.E.M’ s ) i s  on ly  m a rg in a l l y  
g rea te r  than the values f o r  males a t  t h i s  age, and j u s t i f i e s  
th e i  r  i n c lu s io n .
i t  was a lso  decided t o  use some animals around th e  age 
o f  natura l  eye opening. A l i t t e r  was se lec ted  in which ten 
animals (5 l i g h t  exposed, 5 dark c o n t r o l )  from a t o t a l  l i t t e r  
o f  14 had j u s t  completed eye opening (14-15 days post b i r t h ) .  
Animals wsre in jec ted  w i th  25 yCi l ys ine  and i n i t i a l l y  
exposed f o r  30 minutes t o  iabo ra to ry  i l l u m i n a t i o n  be fore  admini 
s t r a t i o n  o f  a pulse o f  r a d i o a c t i v i t y  s im u l taneous ly  w i th  an 
a d d i t io n a l  30 minutes o f  exposure.  S p e c i f i c  a c t i v i t i e s  were 
cor rec ted  t o  25 g. A l l  o th e r  procedures were as descr ibed 
p re v io u s ly .  The means o f  these r e s u l t s  ± S.E.M. are 
i l l u s t r a t e d  in F igs .  2.14 and 2 .15.  A iarge increase o f  
in co rpo ra t ion  in both b ra in  reg ions  o f  the  i i g h t  exposed 
animals is ev iden t  in the RSA r e s u l t s  (54% in v is u a l  c o r te x ,  
s ig .  t  = 3.70, D.F. = 8, p <0 .01  and 49% in motor ç o r tè x ,  s i g .  
.t =2 .95, D.F. = 8, p < 0.02) and in the SA r e s u i t s  (53% in 
v isua l  c o r te x ,  s ig .  t  = 2 .99, D.F. = 8 , p < 0.02 and 57% in 
motor co r te x ,  s ig .  t  = 3.17, D.F. = 8 , p < 0 . 0 2 ) .  Ai though 
these r e s u l t s ,  obtained w i th  a t o t a l  o f  on ly  10 an imals ,  cannot 
be ex t rapo la ted  t o  a general f i g u r e ,  they can be regarded as
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Legend t o  Figures 2.14 and 2.15
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Inco rpo ra t ion  o f  H lys ine  in to  v isua l  and m otor 
c o r te x  o f  l i g h t  exposed (wh i te  bars) and dark c on t ro l  
(dark bars) 15 day o ld  l i t t e r m a t e  r a t s .  Animals were 
in jec ted  in t r a p e r i to n e a I  I y w i th  25 yCi l y s ine  and
k i l l e d  a f t e r  30 minutes o f  exposure t o  t h e i r  re s p e c t iv e  
c o n d i t io n s .  The l i g h t  exposed animals were p r i o r  
exposed to  I ig h t  f o r  30 minutes.  F ig .  2.14 dep ic ts  the  
RSA’ s (L/D v isua l  co r te x  = 1.54, t  = 3 .7 ,  p < 0 .01; motor 
co r tex  = 1.49, t  = 2 .95,  p <0.02) and F ig .  2.15 the  SA's 
(L/D v isua l  c o r te x  = 1.53, t  = 2.99,  p < 0 .02; motor 
co r te x  = 1.57, t  = 3.17, p < 0 .0 2 ) ,  and represents  the 
means ± S.E.M. o f  5 animals in each c o n d i t io n .
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h ig h ly  suggest ive o f  a large increase in p ro te in  s y n th e t i c  
capac i ty  a t  a s i g n i f i c a n t  developmental stage, but which is not 
r e g io n a l l y  s p e c i f i c .  I t  is i n t e r e s t i n g  t o  note in t h i s  con tex t  
t h a t  the e le v a t io n  o f  in co rpo ra t ion  in to  a so iub le  g i y c o p ro te in  
f r a c t i o n  re c e n t l y  observed in 21 day old animals occurs in to  
the v isua l  and motor c o r te x  (R.D.Burgoyne and S.P.R. Rose, 
unpubl ished),  w h i l s t  the increase in p a r t i c u l a t e  g l y c o p ro te in  
in the 50 day o ld  animal is  r e g io n a l l y  s p e c i f i c  (Burgoyne and Rose, 
1978).
I t  was decided , in o rde r  t o  pursue the main aims o f  t h i s  
p r o je c t ,  not  t o  i n v e s t ig a te  f u r t h e r  t h i s  phenomenon, which may 
be in te rp re ted  as a 'programmed' response i n t e r a c t i n g  w i th  an 
environmental s t im u lus .  I t  had re c e n t l y  been shown (Sinha and 
Rose, 1976) t h a t  large changes o f  up t o  30% in enzymes o f  the  ACh 
system were de tec tab le  in animals exposed f o r  3 hour per iods 
a f t e r  50 days dark r ea r ing ,  and i t  was decided t o  pursue these 
biochemical markers t o  r e la t e  t o  the  main aims o f  t h i s  p r o j e c t .
Cone I us i ons
Time courses of  in co rpo ra t ion  in to  acid p r e c i p i t a b l e  p ro te in s  
o f  the v isua l  and motor c o r te x  o f  normal 50 day o ld  an imals 
conf i rmed prev ious r e s u l t s ,  and new data was presented on the  t ime 
course o f  in co rpo ra t ion  in 20 day o ld  animals.  The l i g h t  induced 
e le v a t io n  of  in co rpo ra t ion  a f t e r  a one hour per iod o f  exposure o f  
50 day o ld  dark reared animals t o  the l i g h t  was r e p l i c a t e d ,  but on 
the RSA measure on ly .  No l i g h t  induced e le v a t io n  o f  in c o rp o ra t io n  
was de tec tab le  in 21 day o ld  animals,  a l though these nega t ive  
re s u l t s  were not regarded as conc lus ive .  P re l im in a ry  r e s u l t s  
ind ica ted  a large increase o f  in co rp o ra t ion  in both the  v is u a l  
and motor c o r te x  o f  l i g h t  exposed animals a t  the age o f  na tu ra l  
eye open ing.
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CHAPTER THREE
CHOLINERGIC SYSTEMS, EXPERIENCE AND LEARNING
From the cons id e ra t ion s  o u t l i n e d  in Chapter I ,  i t  has 
been assumed t h a t  the  occurrence o f  biochemical changes o the r  
than simply  syn thes is  o r  t u rn ov e r  o f  macromoI e c u ies might  be 
involved in the ad justment  t o  new exper ience,  e s p e c ia l l y  dur ing  
the i n i t i a l  phases o f  exposure t o  the new v isua l  exper ience,  
and t h a t  t h i s  may invo lve  t r a n s m i t t e r  systems under ly ing  a 
synaptosomal r e g u la t io n  o f  synap t ic  c o n n e c t i v i t y .  One such 
candidate is  undoubtedly a c e t y l c h o l i n e .  Al though the ro le  
o f  ACh as a c e n t ra l  mammalian . n e u ro t ra n s m i t te r  is  not so 
f i r m l y  es tab l ished  as i t s  r o le  a t  per iphera l  synapses, the 
ACh con ten t  in general has been shown t o  vary in v e rs e ly  w i th  
the degree o f  fu n c t io n a l  a c t i v i t y  o f_ the  mammalian b ra in  
(Hrd ina,  1974), and is present  in s i g n i f i c a n t  amounts. Th is  
would be expected i f  neuronal a c t i v i t y  is assoc ia ted w i th  an 
increased release o f  ACh from the synap t ic  te rm ina l  fo l lowed 
by i t s  h y d ro ly s is  by c ho l in es te ras e .
The concen t ra t io n  o f  ACh in the bra in  o f  the r a t  has been 
shown to  e x h i b i t  a c i r c a d ia n  r h y th m ic i t y  (Hanin e t  _aj_., 1970; 
Sa i to ,  1971) in common w i th  some o the r  b iogen ic  amines. F u r th e r ­
more the re  is a reasonable c o r r e l a t i o n  between the amounts o f  
t r a n s m i t t e r  and the enzymes CAT and AChE found in most b ra in  
reg ions,  w i th  the excep t ion  o f  the cerebe l lum. More than 70% 
o f  ACh presen t in the fo re b ra in  is in a synaptosomal f r a c t i o n  
(Hebb and W h i t take r ,  1958), about h a l f  o f  which can be recovered 
in a v e s i c u la r  f r a c t i o n  (W h i t take r ,  1959). The synaptosomal 
f r a c t i o n  a lso  con ta ins  some 50-70% o f  the  t o t a l  CAT a c t i v i t y  
found in b ra in  homogenate (Hebb and Small man, 1955).
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EIec t roph y s i o Io g î caI s t im u la t io n  o f  the  mesencephal ic 
r e t i c u l a r  fo rmat ion  (Kanai and Szerb, 1965; P h i l l i s ,  1958) the 
g e n ic u la te  bodies ( C o l l i e r  and M i t c h e l l ,  1955; Neal e t  a_l_.,
1958) as wel l  as d i r e c t  s t im u la t io n  o f  the co r te x  (C e le s t ia  and 
Jasper,  1955; P h i l l i s ,  1958) has been shown to  r e s u l t  in la rge 
increases in released ACh from the cerebral  c o r te x ,  in c lu d in g  
the pr imary r e c e iv in g  areas, in the anaesthet ised c a t .  V isua l  
s t im u la t io n  by cont inuous l i g h t  f o r  I hour in a t r o p  in ised and 
anaesthet ised r a b b i t s  has been shown t o  r e s u l t  in increases in 
ACh from the v isua l  co r tex ,  and a sm a l le r  increase from o th e r  
c o r t i c a l  areas ( C o l l i e r  and M i t c h e l l ,  1955), w h i le  B a r t o l i n i  
_et £l_. (1972) found an increased release o f  ACh from the 
cerebra l  c o r te x  o f  the anaesthet ised c a t  f o l l o w in g  p h o t i c  
s t im u la t io n .  The p o s s i b i l i t y  e x i s t s  t h a t  t h i s  was due to  an 
a c t i v a t i o n  o f  the  d i f f u s e  c h o l i n e r g i c  arousal  system, a l though 
the ex is tence  o f  a s p e c i f i c  tha Ia m o -c o r t ic a I  c h o l i n e r g i c  pathway 
t o  the pr imary sensory r e c e iv in g  areas, in a d d i t i o n  t o  d i f f u s e  
r e t i c u l o - c o r t i c a I  and s e p t o - c o r t i c a l  pathways ascending t o  the 
c o r te x  has been proposed. There are a lso  some i n d i c a t i o n s ,  a t  
leas t  in the ca t  (Hebb e t  a l . ,  1953) o f  the ex is tence  o f  some 
local  c h o l i n e r g i c  neurones in the co r te x ,  which can remain v ia b le  
in c h r o n i c a l l y  undercut co r te x .
In the v isua l  system o f  the r a t .  Glow and(Sam) Rose (1954) 
reported t h a t  a f t e r  ' i r r e v e r s i b l e  i n h i b i t i o n '  o f  AChE by DPP 
t rea tment ,  the de novo syn thes is  of  the enzyme in the  r e t i n a  is 
p a r t l y  dependent upon subsequent s t im u la t io n  by l i g h t  and 
proposed ACh as a r e t i n a l  t r a n s m i t t e r ,  w h i le  s i g n i f i c a n t l y  lowered 
AChE leve ls  in the r e t i n a  o f  dark reared ra ts  have been repor ted  
(Liberman, 1952). There is  no s p e c i f i c  evidence o f  a d i r e c t  
r e t i n o - g e n i c u l o - c o r t i c a I  c h o l i n e r g i c  l i n k  in the r a t .  By
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es t im a t ion  o f  the s p e c i f i c  c h o l i n e r g i c  marker enzyme CAT, no 
decreases have been found a f t e r  eyebal l  enuc lea t ion ,  l a te ra l
gen icu la te  o r  v isu a l  c o r t i c a l  de s t ru c t io n  (Big I and Schober,
1977) al though ex tens ive  neuronal degenerat ion occur red ,  and
t h i s  IS in accord w i th  o th e r  pharmacological  and p h y s io lo g ic a l  
data.
The t r a n s i e n t  increases which have been observed in the 
enzymes o f  ACh metabol ism (Sinha and Rose, 1976) and the  
muscarinic receptor  (Stewart  and Rose, 1978) in the  v isua l  
co r te x  o f  the 50 day o ld  dark reared r a t  f o l l o w in g  th re e  hour 
per iods o f  new v isua l  experience may be a consequence o f  the 
re s u l t  o f  a c q u is i t io n  processes or  conso lida tion  o f  experience,  
or  may be a n o n -s p e c i f i c  e f f e c t  a r i s i n g  p os s ib ly  f rom an 
increased a c t iv a t io n  o f  the c o r t ic a l  arousal mechanisms. A 
number o f  s tud ies  have im p l ica ted  the e f f e c t s  o f  d i f f e r e n t i a l  
experience or  o f  more c o n t ro l le d  t r a i n i n g  s i t u a t i o n s ,  in 
modulat ing ch o l in e rg ic  synap t ic  a c t i v i t y  in the r a t  b ra in .  The 
experiments from the  group o f  Bennett  and Rosenzweig on the 
e f f e c t s  o f  rea r ing  in enriched and impoverished environments 
(Rosenzweig e t  _a|_., 1972; Rosenzweig and Bennett ,  1975) are 
well  known examples o f  the former type ,  i n d ic a t i n g  r e l a t i v e l y  
long term p l a s t i c  adjus tment  t o  d i f f e r e n t i a l  exper ience .  Rats 
which were reared from weaning f o r  30 days, o r  s im p ly  given 2 h 
o f  exper ience every day, in an enr iched environment,d isp layed  
morphological changes in c e l l s  and small increases in the weight  
of  co r te x ,  compared t o  animals reared in impoverished environments 
Increases o f  around 5-10% in t o t a l  AChE, t o t a l  ChE and in the 
ChE/AChE r a t i o  were detected in the enr iched exper ience an imals ,  
but a decrease in the AChE/mg t issue  was repor ted .  These e f f e c t s  
were gre a tes t  in the o c c ip i t a l  cor tex .  The ChE/AChE r a t i o  change
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was in te rp re te d  as due t o  changes in the ra te  o f  g l i a l  
p r o l i f e r a t i o n .  These r e s u l t s  do not appear t o  be s p e c i f i c a l l y  
re la ted  t o  a l t e r a t i o n s  in v isua l  input  o r  f u n c t io n  however, as 
dark reared ra ts  showed s i m i l a r  d i f f e re n c e s  in the enr iched and 
impoverished con d i t io n s  (Rosenzweig <et ,a [ . , 1969). U n l ike  the 
AChE changes, CAT and ACh con ten t  increased p r o p o r t i o n a te l y  t o  
the increase in t i s s u e  we ight (Bennett  o t  , 1968). A number 
o f  c o n t ro l  exper iments tended to  e l im in a te  these d i f f e r e n c e s  
as being due t o  an acce le ra ted  matu ra t ion ,  d i f f e re n c e s  in loco­
motor behaviour,  handl ing e f f e c t s ,  hormonal o r  s t re s s  e f f e c t s ,  
o r  mere v isua l  exposure to  the  enr iched environment w i th o u t  
p a r t i c i p a t i o n .  However, some o f  these f a c to rs  have been shown 
to  in f luence  cho l in es te rase  leve ls  in r a t  b ra in .  McKinney 
(1970) in ves t iga ted  b ra in  ChE in grouped and s i n g l y  caged adrenal  
demedul lated ra t s ,  and t h i s  t rea tm en t  produced a decrease in the 
bra in  AChE con ten t  o f  the s in g l y  caged animals.  Quay e t  a l .  (1971) 
have repor ted d i f f e re n c e s  in the c i r c a d ia n  rhythm o f  AChE in 
whole cerebra l  c o r te x  r e la te d  s imply  t o  caging s i n g l y  o r  in 
groups.
Another re p o r t  has in d ica ted  a much more d ramat ic  e f f e c t  
a r i s i n g  from a l te re d  long-term v i s u a l l y  mediated exper iences  on 
c o r t i c a l  s p e c i f i c  AChE a c t i v i t y .  Singh e t  £l_. (1967) found a 
iCC% increase in AChE/mg p ro te in  in the p o s t e r i o r  c o r te x  o f  
r a ts  reared f o r  1 0  days w i th  a p a t te rn  o f  s t r i p e s  compared t o  
c on t ro l  animals reared w i th  a blank v isua l  f i e l d ,  a l though 
t h i s  r e p o r t  has not been re p l i c a te d .
A number o f  s tud ies  have inves t iga ted  the a c t io n  o f  
oho I in e r g i c a I  I y a c t in g  pharmacological agents d i r e c t l y  on the 
a c q u i s i t i o n  and c o n s o l id a t io n  o f  t r a in e d  behaviour.  A number 
o f  e a r l y  s tud ies  reported some f a c i l i t a t i o n  assoc ia ted  w i th
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p re -  o r  p o s t - t r i a l  i n j e c t i o n s  o f  convu lsan t and a n t i c h o l i n e s te r a s e  
agents.  P l a t t  (1951) found an increase in a c q u i s i t i o n  ra tes  o f  
r a ts  t re a te d  w i th  the  AChE i n h i b i t o r  DPR, w h i le  S t r a t t o n  and 
P e t r ino v ich  (1963) repor ted a f a c i l i t a t i o n  o f  the  ra te  o f  maze 
learn ing  in r a ts  f o l l o w in g  p o s t - t r i a l  i n j e c t i o n  o f  ese r in e ,  and 
they suggested t h a t  the  r a t i o  o f  ACh/AChE was an index o f  the 
probable  t ime course o f  pe rseve ra t ive  neural a c t i v i t y .
McGaugh and Thompson (1962) and P e t r ino v ich  (1963) repor ted 
the f a c i l i t a t i o n  o f  successive o r  s imultaneous d i s c r im in a t i o n  
learn ing  w i th  a d m in is t r a t i o n  o f  s t rychn ine  su lpha te .  These 
type o f  r e s u l t s  were regarded as suppor t ing  the idea o f  the 
persevera t ion  o f  neural t races  in a c losed reve rb e ra to ry  system 
as a basis o f  s h o r t  term s torage (John, 1967) which then may 
become conso l ida ted  t o  form permanent memory.
A subsequent number o f  exper iments by Deutsch (1966, 1971) 
ind ica ted  a complex se r ies  o f  events assoc ia ted w i th  adm in i -  • 
s t r a t i o n  o f  a n t i c h o l i n e s te r a s e  and a n t i c h o l i n e r g i c  drugs, 
depending upon the t im e  o f  i n j e c t i o n  before o r  a f t e r  t r a i n i n g .
Rats were t ra in e d  t o  avoid e l e c t r i c  shock in a Y maze and 
in jec ted  in t race reb ra I  I y w i th  DPP. Th is  t rea tm en t  was repor ted  
not t o  a f f e c t  the a c q u i s i t i o n  o f  t h i s  h a b i t  bu t  t o  a f f e c t  the 
savings on re tes t ing . . ,  , ( i n t e r p r e te d  as a measure o f  s t re n g th  o f  
r e t e n t i o n ) .  i n i t i a l  t r a i n i n g  t o  a c r i t e r i o n  o f  10 o u t  o f  10 
c o r r e c t  responses fo l lowed  by DPP i n je c t i o n  a f t e r  30 minutes 
s i g n i f i c a n t l y  lowered t h i s  r e te n t i o n ,  but not i f  i n je c te d  3 days 
l a t e r ,  and a f t e r  t h i s  t ime in te r v a l  r e te n t i o n  again s i g n i f i c a n t l y  
became worse f o l l o w in g  DPP i n j e c t i o n  compared t o  c o n t r o l s .  
Subsequent exper iments in d ica ted  t h a t  f a c i l i t a t i o n  o f  an almost  
fo rg o t te n  28 day o ld  h a b i t  could occur f o l l o w in g  DPP i n j e c t i o n .
Post synap t ic  recep to r  block  w i th  the a n t i c h o l i n e r g i c  scopolamine
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produced r e s u l t s  the oppos i te  t o  t h a t  o f  DFP. I n je c t io n  o f  the 
cholinomimetic carbachol  blocked hab i ts  learned 7 days but not 3 
days p re v io u s ly .  As a consequence o f  these and s i m i l a r  f i n d i n g s ,  
i t  was hypothesised t h a t  as a r e s u l t  o f  lea rn ing  the pos t -  
synap t ic  endings a t  a s p e c i f i c  se t  o f  synapses become more 
s e n s i t i v e  to  t r a n s m i t t e r  w i th  a s p e c i f i c  t ime course o f  increase 
and d e c ] i ne.
Al though some o f  these re s u l t s  have been repeated w i th
a p p e t i t i v e  ra th e r  than avers ive  tasks (Biederman, 1970) and w i th
o the r  routes o f  a d m in is t ra t i o n  and i n h i b i t o r s  (Hamburg, 1967),
i t  is  not  c le a r  how these agents are a c t ing  s e l e c t i v e l y  on the
proposed memory synapses however. There seems l i t t l e  doubt t h a t
some o f  the c o n t r a d i c to r y  r e s u l t s  which have been obta ined
fo l l o w in g  i n j e c t i o n  o f  these agents may be re la te d  t o  s i t e s  o f
a d m in is t ra t i o n  and dosage admin is tered,  and the assumption has
been t h a t  DFP may f a c i l i t a t e  c h o l i n e r g i c  t ransm iss ion  i f  re lease o f  
t r a n s m i t t e r  occurs,  a l though increased p re -s y n a p t ic  a c t i v i t y  and 
re lease o f  la rge r  amounts o f  ACh may lead t o  an accumulat ion
such t h a t  a pos tsynap t ic  i n h i b i t i o n  r e s u l t s .  A t rop ine  is  known
to  a l t e r  the r a t i o  o f  f ree/bound ACh (Crossland and S la t e r ,
1967) and the phys io log ica l  s ig n i f i c a n c e  o f  t h i s  is  obscure.
Another s e r ies  o f  exper iments have at tempted t o  de f ine  
the p a r t i c u l a r  c h o l i n e r g i c  systems involved in a c q u i s i t i o n  and 
sto rage, in a d d i t i o n  to  the  ro le  o f  the d i f f e r e n t  compartments 
o f  the t r a n s m i t t e r  as a fu n c t io n  o f  t ime f o l l o w in g  t r a i n i n g .
This  was the approach o f  Mat th ies  e t  (1974, 1976). Using a 
shock mot ivated b r igh tness  d i s c r im in a t io n  ta s k ,  which took  about 
45 mins t o  a t t a i n  c r i t e r i o n ,  the  ACh con ten t  in several  b ra in  
areas was determined a t  va r ious  t imes f o l l o w in g  the t r a i n i n g  
procedure.  A s i x - f o l d  increase in f ree  ACh con ten t  in t r a in e d  
animals compared to  c o n t r o l s  which had received equal numbers o f
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shocks was observed in the hippocampus immediately f o l l o w in g  
t r a i n i n g ,  which had dec l ined t o  con t ro l  leve ls  a f t e r  70 mins,  
and which was fo l lowed by a f o u r - f o l d  increase in the s ta b le  
bound ( v e s ic u la r )  ACh in t h i s  b ra in  area, and fo l lowed l a t e r  
by a sm a l le r  increase in l a b i l e  bound ACh. Smal ler  increases 
occurred in the v isua l  co r te x ,  and the re  were no changes in 
the corpus s t r i a tu m .  These changes were taken as in d ic a t i o n s  
o f  d i f f e r e n t  fu n c t io n a l  s ta tes  o f  c h o l i n e r g i c  te rm in a ls  a t  
d i f f e r e n t  t imes dur ing a c q u i s i t i o n  and c o n s o l id a t io n  o f  learned 
behaviour.
Using the same t r a i n i n g  s i t u a t i o n ,  in t r a p e r i t o n e a I  
i n j e c t i o n  o f  a cho f ino  l y t i c  p r i o r  t o  t r a i n i n g  impaired the  
a c q u i s i t i o n  and r e te n t i o n  o f  t h i s  task ,  but improved the  
r e te n t i o n  when in jec ted  immediately a f t e r  t r a i n i n g ,  and t h i s  
was to  some ex te n t  dose dependent, Intrahippocampai i n j e c t i o n  
o f  a t ro p in e  prolonged re te n t io n  when in jec ted  before  o r  
immediately a f t e r  t r a i n i n g ,  but no t  24 h l a t e r .  A c e ty l c h o l i n e  
syn thes is  was blocked bv a p p l i c a t i o n  o f  n a p h th y Iv in V i -  
p y r id i n e  p r i o r  t o  t r a i n i n g ,  and t h i s  prevented the increases 
in the f re e  and v e s i c u la r  ACh, w h i le  i n j e c t i o n  p o s t - t r i a l  
blocked the v e s i c u la r  increase,  suggest ing t h a t  newly synthes ised 
ACh was needed. This i n h i b i t o r  a ls o  prolonged the  r e te n t i o n  o f  
the d i s c r im in a t io n  i f  admin is tered 2 h before t r a i n i n g .
On the basis o f  these r e s u l t s ,  the au thors  concluded t h a t  
dur ing a c q u i s i t i o n  o f  t h i s  task ,  ACh accumulates in synaptosomes 
o f  the septo-hippocampaI f i b r e s  and which was released f o l l o w in g  
the  t r a i n i n g ,  inducing an increased pos tsynap t ic  a c t i v a t i o n  
f a c i l i t a t i n g  the e x t i n c t i o n  o f  the h a b i t .  Whi le these 
experiments are suggest ive ,  the r o le  o f  the hippocampus in 
memory fo rmat ion in animals is f a r  from c le a r , a  I though t h i s
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s t ru c tu r e  has c e r t a i n l y  been imp l ica ted  in human memory 
pathology (Weiskrantz,  1977, 1978). I t  is a lso  necessary to  
d i s t i n g u i s h  between changes in the metabol ism o f  the neuro- 
t r a n s m i t t e r  which are a consequence o f  fu n c t io n a l  changes 
induced by pharmacological  in te r v e n t io n  and those which cause 
a func t iona l  change, and t h i s  is  not always c le a r .
I t  may a lso  be noted t h a t  in man a n t i c h o l i n e r g i c  g ly c o l  ate 
es te rs  such as q u in u c l i d i n y l  b e n z i l a te  (QNB) can cause complete 
amnesia (Abood, 1968) 1-8 hours a f t e r  I,M. i n j e c t i o n ,  and a 
pharmacological  study on humans ind ica tes  t h a t  the c h o l i n e r g i c  
system is involved in age re la te d  memory degenerat ion (Drachman 
and L e a v i t t ,  1974). Fur ther ,  in an examinat ion o f  c o r t i c a l  
b iops ies  removed a t  cranio tomy from p a t ie n ts  w i th  c h ro n ic  ' 
memory de fec ts  assoc ia ted w i th  nerve c e l l  loss in A lz h e im e r 's  
disease, a reduc t ion  o f  over  50% in CAT a c t i v i t y  has been 
detected wh i le  GAD a c t i v i t y  remained una l tered compared t o  
c o n t ro ls  (Spi I I ane e t  _al_., 1977).
There is some evidence then i n t e r  a l i a  im p l i c a t i n g  the
func t iona l  involvement o f  c h o l i n e r g i c  synapses a t  the neocor tex 
w i th  the  c o n s o l id a t io n  o r  r e c a l l  o f  exper ience.  I t  is  no t ,  o f  
course, excluded t h a t  f u n c t i o n a l l y  s i g n i f i c a n t  changes may be 
o ccu r r ing  a t  synapses associated w i th  o the r  t r a n s m i t t e r  systems, 
e i t h e r  s imu l taneous ly  o r  w i th  d i f f e r e n t  temporal o r  o th e r  
c h a r a c t e r i s t i c s .  Th is  evidence has been discussed as a back­
ground to  the exper iments presented in the remainder o f  t h i s
th e s is ,  and a f u r t h e r  d iscuss ion  in the l i g h t  o f  the  . r e s u l t s
is presented in Chapter 8 .
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CHAPTER FOUR 
BIOCHEMICAL ASSAY PROCEDURES
For the experiments descr ibed in the remainder o f  t h i s  
th e s is ,  the leve ls  o f  the enzymes a c e ty lc h o l i n e s te ra s e  (AChE) 
and chol ineacety I t r a n s fe ra s e  (CAT) and ÇNB s p e c i f i c  b ind ing  
to  the muscar in ic  c h o l i n e r g i c  recep to r  were determined in 
homogenates o f  v isua l  and motor co r tex  by methods es ta b l is h e d  
according t o  the r e s u l t s  o f  the f o l l o w in g  p re l im in a r y  
procedures.
A c e ty lc h o l in e s te ra s e  leve ls  were measured by the  s p e c t ro -  
photometr ic  method o f  Eliman e t  a I . (1961),  which measures 
the enzyme a c t i v i t y  by fo l l o w in g  the increase o f  ye I low c o lo u r  
produced from t h io c h o l i n e  when i t  reacts  w i th  the d i t h i o b i s -  
n i t robenzoa te  ion.  Assay co n d i t io n s  were e s ta b l is h e d  accord ing 
to  the r e s u l t s  o f  the procedures i l l u s t r a t e d  in F igs .  4 .1 ,  4 .2 ,
4.3 and 4 .4 .  F ig .  4.1 i l l u s t r a t e s  the assay t o  be l i n e a r  w i th  
the adopted c o n d i t io n s  w i th  respect  t o  inc reas ing  amounts o f  
t i s s u e  over the  range determined (0 .1 -1 .8  mg). Each p o in t  
represents the mean ± S.E.M. from fou r  a l i q u o t s  o f  the  same 
homogenate. Amounts o f  t i s s u e  in the range 0 .3  t o  0.4 mg were 
r o u t i n e l y  used, corresponding t o  a 20 yl  a l i q u o t  o f  th e  homo­
genate.  F ig .  4.2 i l l u s t r a t e s  the e f f e c t s  o f  d i f f e r i n g  s u b s t ra te  
(a c e ty I t h io c h o l  ine iod ide.  Sigma) concen t ra t ions  w i th  t h i s  amount 
o f  t i s s u e .  Each p o in t  represents  the meantS.E.M. o f  4 
de te rm ina t ions .  No s i g n i f i c a n t  increase in measured AChE 
a c t i v i t y  was observed w i th  inc reas ing  c once n t ra t io ns  added above 
0.075 M and t h i s  concen t ra t ion  -  id e n t i c a l  t o  t h a t  used in the  
o r i g i n a l  Ellman paper -  was adopted. The c o n c e n t ra t io n s  o f  
d i t h i o b i s n i t r o b e n z o i c  ac id  (DTNB) and b u f f e r  (0.1 M, pH = 8 .0)  
were a lso  used as reported in the o r i g i n a l  paper. F i n a l l y ,  the
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assay was checked f o r  temporal l i n e a r i t y  and temperature 
s e n s i t i v i t y .  Fig.  4 .3  i l l u s t r a t e s  the r e s u l t s  obta ined w i th  
incubat ion  t imes o f  from 5 to  80 minutes.  Each p o in t  
represents  the  mean ± S.E.M. o f  4 de te rm ina t ions  and revea ls  
the reac t ion  t o  be e s s e n t i a l l y  l i n e a r  over the  i n i t i a l  20-30 
minutes o f  incubat ion t im e.  Fiig. 4.4 i l l u s t r a t e s  the  means 
± S.E.M. o f  6 de te rm ina t ions ,  and revea ls  maximal AChE a c t i v i t y  
t o  occur  a t  around 40° C. The f i n a l  assay c o n d i t io n s  adopted 
and used throughout  a l l  subsequent experiments were as 
descr ibed below.
Dupl ica te  20 pi a I iquots  o f  the  homogenate were taken and 
each added t o  2.9  ml o f  a s o lu t i o n  c o n ta in in g  potassium 
phosphate b u f f e r  0.1 M, pH = 8 .0 ,  5 : 5 - d i t h i o b i s - 2 - n i t r o b e n z o ic  
ac id  0.34 mM,and sodium bicarbonate 0.6 mM. 10 pi o f  t e t r a i s o -  
propylpyrophosphoramide 100 pM (Koch-L ight )  were added t o  
i n h i b i t  n o n -s p e c i f i c  chol ineste rase ( b u t y r y I c h o l in e s te r s s e  
a c t i v i t y ) .  20 pi o f  a c e ty I th io c h o l  ine iod ide  0.075 M (Sigma) 
were added and the tubes immediately incubated f o r  20 minutes 
37 0 in a shaking water bath.  The samples were put  on ice
and read o f f  the  ice having a t ta in e d  a temperature  o f  approx­
imately  5° C, aga ins t  a blank c on ta in in g  re a c t io n  m ix tu re  on ly  
and w i th  re fe rence to  a standard t i s s u e  c o n t r o l ,  on a Pye SP6 
-500 spect rophotometer .  .
Two f u r t h e r  observa t ions  have v a l id a te d  these assay 
c o n d i t io n s .  The average value f o r  AChE a c t i v i t y  found th rough ­
ou t  these exper iments and repor ted  here and in pub l i shed work 
(Wood and Rose, 1979) is s i m i l a r  t o  t h a t  p re v io u s ly  repor ted  in 
the l i t e r a t u r e  f o r  r a t  co r te x  (see Table 4 .1 )  w i th  the  use o f  
the  EI I man method.
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Legend t o  Figures 4.1 to  4.4
Resul ts o f  a c e ty lc h o l i n e s te ra s e  assay procedures.  
Each p o in t  represents  the mean ± S.E.M. o f  4 (F igs .  4 .1 ,  
4 .2 ,  4 .3) or  6 (F ig .  4 .4)  de te rm ina t ions  w i th  methods as 
descr ibed in the t e x t .
F ig .  4 .1 :  Tissue concen t ra t ion
F ig .  4 .2 :  A c e ty I t h io c h o l i n e io d id e  m o la r i t y
F ig .  4 .3 :  Incubat ion t ime
F ig .  4 .4 :  Incubat ion temperature
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TABLE 4. I
Comparison of  absolute  reported values of  a ce ty lch o l in e s te ra s e
a c t i v i t y  in r a t  b ra in  regions
Source Cond i t  ions Reported average Average a c t i v i t y
va l ue converted t o  ym 
s ubs t ra te  hydrolysed 
/min/mg p ro te in
Quay _et a I 
(1971)
d o rsa I cor tex  
decap i t a t  ion 
S, s t r a i n
6.3 nm/min/mg 
t i s s u e
Wood and v isua l  and motor 0.085 ym/min/mg
Rose (1979a) ^ week p ro te in
o ld  s tunn ing 
W is ta r  CFHB
0.063
0.085
McKi nney 
(1970)
whole b ra in  
7 - 10 week oId 
stunn ing 
Sprague Dawley
98 M/min/mg t i s s u e  
X I 0 ' °
El Iman ^  ^ . w h o l e  brain 10.3 M / l /m in /g  
( 196! )  Sprague Dawley t issue  x lO"®
MoudgiI e t  cerebral  hemi-  150 units/mg
^ I d T T r v l c a r '  P - + e l n  x ,0^
d is lo c a t io n
Wistar
0.098
0.103
0.150
Ac e ty lc h o l in e s te ra s e  a c t i v i t y  has been expressed th roughout
as ymoles o f  s ubs t ra te  hydrolysed per minute per m i l l i g r a m  o f
prote in  according t o  the f o l l o w in g  formula (adapted from ElIman 
©t a l . ,  I 961) ; -
R = AA
I .36 X 10
X
(20/2950) C
X  10-
0
where R -  the ra te  in ymoles subs t ra te  hydrolysed per min per mg
pro te in ;AA = the change in absorbance u n i t s  per minute;C = the
0
o r i g i n a l  concen t ra t ion  o f  p ro te in  in mg per ml.
1.36 X 10 = a cons tant  o f  the e x t i n c t i o n  c o e f f i c i e n t  o f  the
ye I low an ion
20/2950 = the p ropo r t ion  o f  t i s s u e  a l i q u o t  t o  t o t a l  volume.
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Furthermore, the mean agreement o f  50 randomly se lec ted 
dupl ica te  de te rm ina t ions  o f  a c e ty lc h o l i n e s te ra s e  a c t i v i t y  from 
the exper imental  data was revealed to  be < 6^,  a v a r i a t i o n  
which could la rg e ly  be accounted f o r  by p i p e t t i n g  e r r o r .
Choi ineacetyI  t ran s fe ras e  (CAT) a c t i v i t y  was determined 
from the t i s s u e  homogenates which had been f rozen once and 
stored a t  -20°  C f o r  an average o f  several  weeks. P re l im in a ry  
experiments had shown t h i s  f ree z ing  and thawing procedure t o  
have no de tec tab le  e f f e c t  on measured CAT a c t i v i t y  (see Table 
4 .2 ) .
TABLE 4.2
The e f f e c t s  o f  one f re e z in g  and thawing on CAT a c t i v i t y  f o r  
fou r  de te rm ina t ions  in each o f  two r a t  co r tex  homogenates. 
Resul ts  are expressed as DPM/mg p ro te in /h  and arranged in 
decreasing order .
SAMPLE
Fresh t i s s u e
165657
156061
145455
40908
Means:I 52020
Frozen
59091
57576
56328
34343
51835
SAMPLE 2
Fresh t i s s u e
156566 
140404 
152526 
126768
Frozen
147475
140657
132324
122223
44066 35670
Choi inacety l  t ran s fe ra s e  a c t i v i t y  was measured by a s l i g h t  
m o d i f i c a t io n  o f  the radiochemical  method o f  Fonnum ( 1975 ) ,  
which is a s im p l i f i e d  method o f  the Fonnum ( 1969) procedure 
whereby labe l led  ACh is  ex t rac ted  by l i q u i d  c a t io n  exchange 
using sodium te traphenyI  boron in e thy l  bu ty l  ketone. With the  
presen t method, the s c i n t i l l a t i o n  c o c k ta i l  is  used as the 
e x t ra c t i o n  so lven t  and is c a r r i e d  ou t  d i r e c t l y  in the
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s c i n t i l l a t i o n  v i a l ,  l abe l led  ACh subsequent ly being 
determined in a b iphas ic  aqueous/toluene s c i n t i l l a t i o n  m ix tu re .  
In the publ ished paper,  Fonnum used 2 y I o f  enzyme s o lu t i o n  in 
a microtube and 5 y I o f  subs t ra te  m ix tu re ,  which were then 
incubated and washed in to  a s c i n t i l l a t i o n  v i a l .  The present  
m o d i f i c a t i o n  sca les  up these q u a n t i t i e s  by a f a c t o r  o f  10, 
t o  e l im in a te  any inaccurac ies  which might  be in troduced w i th  
the m icro techn iques,  the new procedure enabl ing the incubat ion  
to  proceed d i r e c t l y  in the s c i n t i l l a t i o n  v i a l .  The assay 
c o n d i t io n s  were es tab I ished  according to  the  r e s u l t s  o f  the 
procedures i l l u s t r a t e d  in F i g s . 4.5 and 4 .6 .  Figure 4.5 
revea ls  the assay t o  be l i n e a r  w i th  the adopted c o n d i t io n s ,  
w i th  respect  t o  increas ing  amounts o f  t i s s u e  over  the  range 
0.1 t o  0.4 mg. Each p o in t  represents  the mean ± S.E.M. from 
fo u r  a l i q u o ts  o f  the same homogenate. This graph a lso  
in d ica tes  the high agreement obta ined between a l i q u o t s  
con ta in ing  the same amount o f  p r o te in .
Amounts o f  t i s s u e  in the range 0.15-0 .18  mg were 
subsequent ly used f o r  the exper iments ,  corresponding t o  a 
20 yl a l i q u o t  o f  the standard homogenate rehomogenized 1:1 
w i th  EDTA (see below).  F igure 4.6 i l l u s t r a t e s  the e f f e c t s  
o f  d i f f e r e n t  incubat ion subs t ra te  m ix tu re  volumes. Each 
p o in t  represents  the mean ± S.E.M. o f  4 de te rm ina t ions .  I t  
ind ica tes  no s i g n i f i c a n t  f u r t h e r  increase in measured CAT 
a c t i v i t y  above 50 y l ,  which q u a n t i t y  was subsequent ly  adopted. 
Th is  p ropo r t ion  o f  20 yl  o f  enzyme s o lu t i o n  t o  50 y I incuba t ion  
m ix tu re  represents  the same p ropo r t ion  as t h a t  o r i g i n a l l y  
reported in the Fonnum paper (1975).  F i n a l l y ,  the  mean 
agreement o f  50 randomly se lec ted dup l i c a te s  used th roughou t  
t h i s  se r ies  o f  experiments was < 6.5%. Incubat ion t ime and
75
Legend t o  Figures 4.5 and 4.6
Resul ts o f  cho l ineace ty I  t ran s fe rase  assay 
procedures. Each p o in t  represents  the mean 
± S.E.M. o f  4 de te rm ina t ions  w i th  methods as descr ibed 
in the t e x t .
Fig.  4 .5 :  Tissue concen t ra t ion
Fig .  4 .6 :  Volume o f  subs t ra te  m ix tu re .
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temperature were used as o r i g i n a l l y  reported in the Fonnum 
paper. Fur ther  experiments conf irmed the assay t o  be l i n e a r  
over the i n i t i a l  15-20 minutes incuba t ion .  The f i n a l  assay 
c o n d i t io n s  adopted th roughout  a l l  subsequent exper iments were 
as descr ibed be low.
Frozen homogenates,prepared as descr ibed in Chapter 5 , were 
thawed and thorough ly  remixed. 0.5 ml a l i q u o t s  o f  each homo­
genate were removed and thorough ly  mixed w i th  an equal volume 
o f  EDTA 20 mM, pH 7 .4 ,  c o n ta in in g  \%  T r i t o n  X-100, t o  a c t i v a t e  
the homogenates and ensure t o t a l  re lease o f  enzyme a c t i v i t y .  
Dup l ica te  20 y I a l i q u o t s  o f  these homogenates were taken and 
added t o  50 yl  o f  incubat ion m ix tu re  in a s c i n t i l l a t i o n  v i a l .
The incubat ion m ix tu re  conta ined sodium phosphate b u f f e r  50 mM,
pH 7 .4 ,  cho l ine  bromide 8 mM, EDTA 20 mM, physos t igm ine 0.1 mM
14 1 4 -and C acetyl-CoA 0.2 mM. The C acetyl-CoA (Radiochemical
Centre,  Amersham: e q u iv a le n t  t o  c. I 10,000 dpm per v i a l )  was
d i l u t e d  w i th  the un label led compound (Sigma). The v i a l s  were
incubated f o r  15 min a t  37^ C in a shaking water bath .  Immediately
on removal from heat, 5 .0  ml o f  ice co ld  sodium phosphate b u f f e r
50 mM, pH 7.4 ,  were added, fo l lowed by 2.0 ml o f  e x t r a c t a n t /
s c i n t i l l a t i o n  c o c k ta i l  c on ta in in g  5.0  g / l  PRO, 0.833 g / l  sodium
te traphenyI  boron and a c e t o n i t r i I e  and to luene in a p ro p o r t io n
1:5. To e x t r a c t  the  ACh in to  the  to luene phase, the v i a l s
were r e g u la r l y  and s low ly  inver ted  f o r  one minute.  Samples were
counted a t  3^ e r r o r  on a Beckman IS -150 o r  LS-250 l i q u i d
s c i n t i l l a t i o n  coun te r .  CAT a c t i v i t y  has been expressed
throughout  as d i s in te g r a t io n s /m in u te /m i  I I igram p r o t e i n / h o u r .
3
H quinucI i d in y Ib e n z i I  ate (QNB) b ind ing t o  the m uscar in ic  
a c e ty lc h o l i n e  recep to r  (mAChr) was est imated by a m o d i f i c a t i o n  
o f  the method o f  Yamamura and Snyder (1974).  B ind ing  s i t e s  w i th
/y .
high a f f i n i t y  and s p e c i f i c i t y  f o r  QNB have been shown to
be present  in r a t  b ra in  homogenate, which b ind ing  is d isp laced
by muscar in ic  but not n i c o t i n i c  l igands.  A l l  assays were
performed on t i s s u e  homogenates, prepared as descr ibed ,  which
had been frozen and thawed tw ice  having been s tored a t  -20°  C.
Rose and Stewart  (1978) have-estabI ished t h a t  f re e z in g  and
thawing up t o  th ree  t imes has no de tec tab le  e f f e c t  on measured 
3H QNB b ind ing .  The assay con d i t io n s  were es tab l ished  
according t o  the  r e s u l t s  o f  the procedures i l l u s t r a t e d  in 
Figs.  4 .7 ,  4.8 and 4 .9 .  Figure 4 .7  i l l u s t r a t e s  the  r e s u l t s  
o f  va ry ing  the concen t ra t ion  o f  a t i s s u e  a l i q u o t  by d i l u t i o n .  
Each p o in t  represents  the  mean ± S.E.M. o f  6 de te rm ina t ions  
(assay c o n d i t io n s  were as descr ibed be low ) . The graph 
in d ica tes  the measured b ind ing  t o  increase in d i r e c t  
p ropo r t ion  t o  increas ing amounts o f  t i s s u e  in the homogenate, 
using the adopted c o n d i t io n s ,  over the range 0 .2 5 - 2 .0  mg 
above which s a tu ra t io n  occurs,  and amounts o f  t i s s u e  w i t h i n  t h i s  
l i n e a r  range were subsequent ly used. H QNB b ind ing  in the 
presence o f  a t ro p in e  remained a t  a c o n s ta n t l y  low level  o f  
approx imate ly  0.02 pmoles.
Fig .  4 .8 i I  I u s t r a te s  the e f f e c t s  o f  va ry ing  the
3
concen t ra t ion  o f  H QNB over  the  range 0.5 nM to  12.0 nM in 
the  presence and absence o f  a t ro p in e .  S p e c i f i c  b ind ing  was 
de f ined as the t o t a l  b ind ing minus the b ind ing  in the  presence 
o f  the a t ro p in e .  Under these c o n d i t i o n s ,  the r a t i o  o f  s p e c i f i c  
t o  n o n -s p e c i f i c  b ind ing  was found t o  be a t  the  va r ious  QNB 
concen t ra t ions  0.5 nM = 11.1:1,  1.0 nm = 11.4:1,  3 .0  nM =
20 .1 :1 ,  6 nM = 13.3:1 and 12 nM = 10.5:1,  p r o v id in g  an
average f i g u r e  o f  13.3:1.  QNB b ind ing  in the presence o f
80.
Legend t o  Figures 4.7 t o  4 .9
Resul ts  o f  H QNB b ind ing  assay procedures.  Each 
po in t  represents the mean ± S.E.M. of  6 (F igs .  4 .7  and 
4.8)  o r  3 (F ig .  4 .9)  determinations wi th  methods as 
descr ibed in the t e x t .  Round po in ts  -  b ind ing  in the 
presence of 10 yM a t ro p in e .  Cross points  -  binding in
the absence o f  a t ro p in e .
Fig* 4 .7 :  Tissue concen t râ t  ion
F ig .  4 .8 :  H QNB m o la r i t y
Fig .  4 .9 :  A t rop ine  m o la r i t y
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a t ro p in e  on ly  s low ly  Increases w i th  h igher  concen t ra t ions  o f
H QNB, In d ic a t i n g  the much h igher  a f f i n i t y  a t  the concen t râ t  I on
used (10 yM) o f  the c la s s ic a l  an tagon is t  f o r  the  muscar in ic
recep to r .  These b ind ing  f ig u re s  can be compared w i th  those
repor ted by Yamamura and Snyder (1974) who found the r a t i o  o f
s p e c i f i c  t o  n o n -s p e c i f i c  b ind ing  to  be In the range 8 - 1 0 : I
using 100 yM oxot remorlne  o r  co ld  QNB In place o f  a t r o p in e .
The concen t ra t ion  o f  6 nM QNB was chosen f o r  f u r t h e r
exper iments.  F ig .  4.9 I l l u s t r a t e s  the e f f e c t s  o f  a l t e r i n g
a t ro p in e  concen t ra t ion  using the 6 nM c oncen t ra t ion  o f
QNB. Each p o in t  represents  the  mean ± S.E.M. o f  t r i p l i c a t e s .
B inding  In the absence o f  a t ro p in e  was found t o  be approx im ate ly
1.3 pmole bound/mg p r o te in ,  which had f a l l e n  t o  37^ o f  t h i s
value w i th  an a t ro p in e  concentra Ion o f  100 nM. Increas ing the
c oncen t ra t ion  t o  10 yM prov ided v i r t u a l  I y maximal b lock ing
o f  H QNB b ind ing ,  w h i l s t  a f i v e - f o l d  f u r t h e r  Increase o f
a t ro p in e  concen t ra t ion  prov ided on ly  a f u r t h e r  7^ decrease In 
3 . .
H QNB b ind ing .  Accord ing ly  a concen t ra t ion  o f  10 yM a t ro p in e  
su lphate  was chosen. The f I n a I  assay procedure used was based 
on the Rose and Stewart  (1978) m o d i f i c a t io n  o f  the  Yamamura 
and Snyder ( 1974) method and was as f o l l o w s .
T r I p I I c a t e  100 y I a l l g u o t s  o f  thawed and remixed homo— 
genates (con ta in ing  approx imate ly  150-180 yg p r o te in )  were 
taken and added t o  a reac t ion  m ix tu re  c o n ta in in g  6 nM QNB 
(Radiochemical Centre,  Amersham), s p e c i f i c  r a d i o a c t i v i t y  =
8.4 Cl/mmol and sod Ium-potassIum phosphate b u f f e r  0.05 M, pH 
= 7 .4 .  A f u r t h e r  th ree  100 y I a l i q u o ts  o f  the  homogenate 
were taken and added t o  the Incubat ion m ix tu re  c o n ta in in g  10 
yM a t ro p in e  su lphate  (Sigma).  The f i n a l  volume In each case 
was 2 .0  ml. These s e x tu p l I c a te s  were Incubated f o r  I h a t
85.
25 C in a shaking water bath.  Fo l low ing in cuba t ion ,  the 
contents  o f  the tubes were poured through 2.5 cm GF/B Whatman 
T Î I t e r  d iscs  on a M i l l ! p o r e  manifo ld  under s u c t io n .  The contents  
of  the tubes were washed tw ice  w i th  2.0 ml i c e -c o ld  Na-K 
phosphate b u f f e r ,  and the f i l t e r s  washed a f u r t h e r  th ree  t imes 
w i th  2.0  ml o f  the b u f f e r .  Assays were g e n e ra l l y  performed w i th  
30 discs a t  a t ime w h ic h , fo l l o w in g  washing,were d r ied  f o r  
approx imate ly  2 h a t  50° C. These were put i n t o  s c i n t i l l a t i o n  
v i a l s  w i th  a t o  Iuene-methoxyethanoI (50:50) s c i n t i l l a n t  
con ta in ing  6 g / l  PRO and \ %  T r i t o n  X-lOO, and counted on a 
Beckman LS 250 a t  3^ coun t ing  e r r o r .  The mean d e v ia t i o n  o f  the  
samples from the means o f  each o f  30 randomly se lec ted 
t r i p l i c a t e s  from the exper imental  data was < 8^ (w i th o u t  
a t rop ine )  and < 17^ (w i th  a t r o p i n e ) .
Dup l ica te  100 y I a l i q u o t s  o f  homogenate were f u r t h e r  taken 
f o r  p ro te in  es t im a t ion  by the method o f  Lowry ^  aj_. (1951) in 
a t o t a l  volume o f  4.5 ml and read aga ins t  a d i s t i l l e d  water 
blank using a BSA standard (I mg/ml) a t  500 nm on a Rye 
SR6-500 spectrophotometer .  The mean agreement o f  50 randomly 
se lected d u p I i c a te  de te rm ina t ions  o f  p ro te in  from the 
exper imental  data was found t o  be < 5^.
86.
CHAPTER FIVE 
CIRCADIAN VARIATIONS AND ACETYLCHOLINESTERASE
The increase o f  up t o  30^ in acety I  oho I i  nesterase CAChE)
a c t i v i t y  which had been observed in the v isua l  co r te x  o f  th ree
hour l i g h t  exposed animals (Sinha and Rose, 1976) was chosen
as the biochemical marker f o r  the exper iments descr ibed in t h i s
chap te r ,  as a r e l i a b l e  and r e a d i l y  reproduced index o f  poss ib le
a l te re d  neuronal a c t i v i t y ,  presumably an index o f  ACh tu rn o v e r ,
al though the  enzyme is  not so s p e c i f i c  a c h o l i n e r g i c  synap t ic
marker as c h o l In e a c e ty I t r a n s fe ra s e .  One exp lana t ion  which was
advanced in Chapter 2 t o  account f o r  the f a i l u r e  t o  d e te c t  any 
3Increase o f  H lys ine  Inco rpo ra t Ion  In 21 day o ld  l i g h t  exposed 
animals was t h a t  exposure to  the  new s t im u lus  may have occurred 
too  la te  In the day, and t h a t  a c i r c a d ia n  f l u c t u a t i o n  In b i o ­
chemical response may have been present.  Th is  hypothesis was 
tes ted  d i r e c t l y  In the exper iments descr ibed In t h i s  chap te r .
Mater la Is and Methods
AnImaIs
The animal rea r ing  procedure was e x a c t l y  as t h a t  descr ibed 
In Chapter 2. Animals were used a t  50 ± 5 (range) days o f  
age a t  which age they  weighed. In these exper iments ,  200 ± 30 
(range) grams.
Experimental Procedure
A l l  exper iments took  place w i t h in  a separate behaviour  
room, t h e r m o s t a t i c a l l y  c o n t r o l l e d  t o  a temperature o f  
approximate ly  20° C, and a c o u s t i c a l l y  q u i e t .  Approx imate ly  one 
h a l f  o f  the  dark reared animals were I n d i v i d u a l l y  placed In 
t ranspa ren t  p l a s t i c  cages measuring 42 cm x 27 cm x 22 cm ( l i g h t  
exposed, L).  Exposed animals were perm it ted  a u d i t o r y  bu t  not
o / .
v isua l  con tac t  w i th  each o th e r ,  and no food o r  water (see
P la te  2 ) .  The o th e r  dark reared animals were placed In s i m i l a r
Ind iv id u a l  cages Ins ide  dark boxes. I d e n t i c a l  t o  t h a t  I l l u s t r a t e d
In P la te  I ,  and placed In c lose  p ro x im i ty  t o  the l i g h t  exposed
animals.  Normal animals were a lso  placed In I n d iv id u a l
t ran s pa ren t  p l a s t i c  cages on the same bench. The l i g h t  exposed
and normal animals were exposed to  overhead I l l u m i n a t i o n  from a
s in g le  tungsten l i g h t  a t  a d is tance  o f  approx imate ly  1.5 m
2(luminous f l u x  approx.  =200 -220  lumens/m a t  the bench).  
Fo l low ing th ree  hour per iods o f  exposure t o  t h e i r  r espec t ive  
c o n d i t io n s  between the hours o f  06.00 and 2 1.00, anImaIs were 
k i l l e d  by a sharp blow t o  the  back o f  the neck, and v is u a l  and 
motor c o r t i c e s  were d issec ted  freehand and placed on Ice as 
descr ibed In Chapter 2.  AI I dark con t ro l  animals were k i l l e d  
q u i c k l y  In very  dim I l l u m in a t i o n .
Biochemical Procedure
L e f t  and r i g h t  halves o f  each b ra in  reg ion were pooled, 
sepa ra te ly  f o r  each reg ion ,  p rov id ing  approx imate ly  80-100 mg 
(wet weight)  o f  t i s s u e .  Fu r the r  procedures were then e i t h e r  
performed Immediately o r  these c o r t i c a l  s labs were s to red  a t  
-20°  C f o r  l a t e r  assay. P re l im ina ry  experiments Ind ica ted  the 
f ree z ing  t o  have no de tec tab le  e f f e c t  on subsequent ly  measured 
a c e ty Ic h o l In e s te ra s e  le v e ls .  The b ra in  areas were homogenized 
w i th  an MSB t o p - d r i v e  macerator f o r  45 s a t  14,000 PPM In 5 .0  
ml o f  double d i s t i l l e d  water and placed on Ice. A c e t y l c h o l i n ­
esterase a c t i v i t y  and p ro te in  concen t ra t ions  were determined 
by the methods p re v io u s ly  descr ibed (Chapter 4 ) .
üü.
Resul ts  and Discussion 
Figures 5 . I and 5.2 I l l u s t r a t e  the r e s u l t s  o f  f i v e  
separate se r ies  o f  exper iments using th ree  hour exposure 
per iods between the  t imes o f  05.00 and 21.00. F ig .  5.1 
represents  the  mean AChE le ve ls  determined In the v isua l  
co r tex  ± S.E.M.,  and F ig .  5.2 represents  the  mean AChE 
leve ls  In the  motor c o r te x  ± S.E.M. As the  mean leve ls  
o f  AChE determined In Ind iv idua l  I I t t e r s /e x p e r Im e n ts  va r ied  
up t o  ± 25^ (~ange) from the mean o f  the t o t a l  s e r ie s  o f  
exper iments,  the means o f  Ind iv idua l  I I t t e r s  were 
standardized to  the  common f i g u r e  In o rde r  t o  e l im in a te  t h i s  
unwanted v a r i a t i o n .
A c e ty l c h o l in e s te ra s e  a c t i v i t y  In the motor c o r te x  Is 
some 10^ h igher  than t h a t  In the v isua l  areas, and t h i s  
e s s e n t i a l l y  r e p l i c a t e s  the observa t ions  o f  SInha and Rose 
( 1975) and Quay e t  a_|_. ( 197 I ) .  There are no s Ign I f  lean t  
d i f f e re n c e s  a t  any t im e between the normal ly  reared animals 
and t h a t  o f  t h e i r  dark reared and unexposed I I t t e rm a te s  In 
e i t h e r  b ra in  area, and t h i s  r e p l i c a te s  fhe obse rva t ions  o f  
Sinha and Rose ( 1975) and has subsequent ly been conf i rmed by 
Rose and Stewart  (1978) and BIgl  and B leso ld  (1978).  Th is  
r e s u l t  then prov ides  no evidence t h a t  v isua l  d e p r i v a t io n  
depresses a c t i v i t y  In u n s p e c i f i c  c h o l i n e r g i c  systems which 
may f a c i l i t a t e  t ransm iss ion  w i th  In the v is u a l  system.
These two graphs a lso  I l l u s t r a t e  the e f f e c t s  o f  l i g h t  
exposure a t  the var ious  t ime pe r iods .  The Increase In v isu a l  
c o r te x  a c t i v i t y  o f  2 1  ^ when exposure commenced a t  09.30 Is 
s i g n i f i c a n t  ( t  = 5.12, D.F. = 20, p < 0 .001) .  The small 
e le v a t io n  In v isua l  co r tex  enzyme o f  10^ when exposure 
commenced a t  05.00 Is not s i g n i f i c a n t  ( t  = 1.99, D.F. = 5 ) ,
89
Legend to  Figures 5.1 and 5.2
The e f f e c t  o f  3 h l i g h t  exposure on a c e t y l c h o l i n ­
es terase leve ls  in v isua l  co r te x  (F ig .  5 .1)  and motor 
c o r tex  (F ig .  5 .2)  o f  50 day o ld  dark reared and l i g h t  
exposed (wh i te  ba rs ) ,  dark reared and unexposed (dark  
bars) and norma I I y reared I Î t te rm a te  ra ts  ( s t r i p e d  bars) 
a t  the t imes shov/n. Enzyme a c t i v i t y  is expressed as 
ymoles o f  subs t ra te  hydro Iysed/min/mg p r o te in .  Each 
bar represents  the  mean ± S.E.M. o f  animals in each 
c o n d i t i o n .  The t o t a l  ’ N’ a t  each t ime per iod is  as 
f o l l o w s :  06.00-09 .00 = 12, 09 .30-12.30 = 32, 12.00-
15.00 = 31, 14.30-17.30 = 15, 18.00-21.00 = 12. Visua l  
co r te x  L/D = 1.21 a t  09.30-12.30 ( t  = 5 .12, p < 0 .001 ) .
90.
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although t h i s  srtrong t rend might be expected to  be 
s i g n i f i c a n t  w i th  la rge r  numbers o f  animals.  A t rend  t o  an 
e le v a t io n  in motor cor tex  enzyme a c t i v i t y  of  8^ occurred a t  
the t ime (09.30-12.30)  o f  maximal increase in visual  c o r te x  
enzyme. The e f f e c t s  o f  l i g h t  exposure were no t  s i g n i f i c a n t  
a t  any o th e r  t ime of  the day.
Th is  increase in a c e ty lc h o l i n e s te ra s e  leve ls  when 
exposure occurred e a r ly  in the day r e p l i c a t e s  the observations  
o f  Sinha and Rose (1976) and was conf i rmed by a l a t e r  study 
(Stewart  and Rose, 1978). The f a i l u r e  t o  de tec t  any increase  
in v isua l  c o r te x  enzyme a c t i v i t y  when exposure occurred l a t e r  
in the day (o the r  co n d i t io n s  being equal)  was a t t r i b u t e d  t o  
a possible in te rac t io n  with endogenous and/or  exogenously 
c o n t r o l l e d  c i r c a d ia n  f a c to r s .  Why should t h i s  e le v a t io n  be 
s ub jec t  t o  c i r c a d ia n  v a r ia t i o n ?  I t  was noted from casual 
observa t ion  t h a t  animals appeared t o  be less a c t iv e  in the 
l a te r  a f te rnoon ,  and one simple answer might  be t h a t  the 
animals spend more t ime asleep dur ing exposure.  Al though 
the animals are very a l e r t  a t  the commencement o f  the  new 
visual  experience (as might be expected: ) ,  in the l a t t e r  h a l f  
of  the exposure period in p a r t i c u l a r ,  animals w i I I  spend 
sometimes considerable  proport ions of  the t ime motionless  
wi th  t h e i r  eyes closed. To t e s t  t h i s  p o s s i b i I i t y  o f  a d iu rn a l  
e f f e c t ,  the gross leve ls  o f  locomotor a c t i v i t y  were measured 
in dark reared and normal ly  reared animals over  phases o f  
the behavioural  a c t i v i t y  cycle and during l i g h t  exposure,and  
the r e s u l t s  o f  these experiments are presented l a t e r  in t h i s  
chapter .
The e le v a t io n  in v isua l  c o r te x  enzyme and i t s  d iu rn a l  
in te r a c t io n  may a lso  be re la te d  t o  general m e tabo l ic  r a te  o r
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changes in blood f low .  Visual  s t im u la t io n  is known to  
in f luence  cerebra l  blood f low ,  a t  leas t  in the ch ick  
(Bondy and Morelos,  1971 ; Bondy e t  _al_., 1974) and i t  may 
be t h a t  the e f f e c t s  are d i f f e r e n t i a l  a t  d i f f e r e n t  t imes o f  
the day.
A f u r t h e r  p o s s i b i l i t y  was t h a t  endogenous le v e ls  o f
a c e t y lc h o l i n e s te ra s e  may f lu c tu a te . !  in a r e g u la r  d iu rn a l
fash ion ,  perhaps s i m i l a r  t o  the d iu rna l  r h y th m ic i t y  in the 
. 3in co rp o ra t ion  o f  H lys ine  in to  p ro te in s  of. the  v isu a l  and 
motor c o r t i c e s  which had e a r l i e r  been descr ibed in our 
exper imental  animals (Richardson and Rose, 1971), and t h a t  
t h i s  may i n t e r a c t  w i th  s t im u lus  c o n t r o l l e d  in f luences  on 
p o s t - t r a n s l a t i o n a l  con t ro l  o r  changes in the s y n t h e t i c  o r  
degradat ive  ra tes .  In t h i s  con tex t  i t  is  no tewor thy t h a t  
a t  leas t  one iso-enzyme o f  acetyl-choI ineste rase has been 
shown t o  have a very s ho r t  tu rn o v e r  t ime,  o f  the o rde r  o f  
3 h (Davis and Ag rano f f ,  1968), and hence s h o r t  term 
modulat ions o f  the t o t a l  number o f  enzyme molecules p resen t  
are c e r t a i n l y  poss ib le .
To t e s t  f o r  t h i s  p o s s i b i l i t y  o f  a d iu rn a l  f l u c t u a t i o n  
in AChE leve ls ,  the enzyme was measured a t  i n t e r v a l s  th rough ­
ou t  24 hour per iods  in l i t t e r s  o f  dark reared and normal 
animals.  The d i f f e re n c e s  in the exper imental  procedure 
were as fo l l o w s .  L i t t e r s  o f  dark reared and normal an imals 
were chosen which conta ined a minimum o f  s i x  (male) an ima ls .
A t  fo u r  hour i n t e r v a l s  th roughout  the day and n ig h t ,  one 
animal was removed from a dark l i t t e r  and from a normal l i t t e r ,  
and v isua l  and motor c o r t i c e s  r a p id l y  d issected ou t  and 
f rozen .  No o ther  exper imental  procedures were performed.
Each I i t t e r  was t h e r e fo re  represented by one animal a t  each o f
94.
the s i x  t ime po in ts  throughout  the 24 hour pe r iods .  A l l  
b ra in  samples from each I i t t e r  were subsequent ly processed 
s im u l taneous ly .  The biochemical procedures were id e n t i c a l  
to  those descr ibed e a r l i e r .
Figures 5 .3  and 5.4 I I I u s t r a te  the r e s u l t s  o f  these
exper iments.  F ig .  5.3 represents  the r e s u l t s  o f  AChE
measurements determined in the v isu a l  co r te x  (dots) and the
motor c o r te x  (crosses) o f  the dark reared unexposed an ima ls .
Each p o in t  represents  the  mean o f  9 animals ± S.E.M. F ig .
5.4 represents  the same f o r  the normal ly  reared an imals .
In o rder  t o  e l im in a te  mean d i f f e r e n c e s in  enzyme leve ls  between
l i t t e r s  o f  an imals,  the r e s u l t s  from in d iv id u a l  l i t t e r s  were
as before s tandard ized t o  a mean common t o  a l l  the  l i t t e r s .
The r e s u l t s  were tes ted  f o r  s i g n i f i c a n c e  by the le as t  squares
averages method sepa ra te ly  f o r  the v isua l  and motor c o r te x
r e s u l t s ,  in which the nul I hypothesis  was t h a t  no rhythm in
c o r t i c a l  AChE was p resen t .Tha t  i s ,  the expected values would
l i e  along a s t r a i g h t  l i n e ,  any dev ia t io n s  from t h i s  being due
t o  chance f a c to r s .  The observed values in the motor c o r te x
of  the  dark reared animals d i f f e r  s i g n i f i c a n t l y  f rom the
dev ia t ion s  p red ic ted  by chance (x^ = 15.2, D.F. = 5, p < 0 .01)
as do the  values in the motor co r tex  o f  the normal animals 
2
(X = 13.7, D.F. = 5, p < 0 .0 2 ) .  The values in the  v is u a l  
c o r te x  in each case are not s i g n i f i c a n t l y  d i f f e r e n t  from a 
s t r a i g h t  l i n e ,  a l though from observa t ion  the rhythm in the 
\Aisual c o r te x  o f  the  dark reared animals d i s p la y s  a t rend  t o  
the same p a t te rn  as t h a t  in the motor c o r te x .
These r e s u l t s  then in d ic a te  a c e r t a in  reg iona l  
s p e c i f i c i t y  in the r a t  c o r te x  o f  f l u c t u a t i o n s  in the  enzyme 
a c t i v i t y ,  and must be considered in the l i g h t  o f  p rev ious
95
Legend t o  Figures 5 .3  and 5.4
C i rcad ian  v a r i a t i o n  in a c e ty lc h o l i n e s te ra s e  
leve ls  in v isua l  c o r te x  (dots)  and motor c o r te x  
(crosses) o f  dark reared 50 day o ld  (F ig .  5 .3)  
and normal ly  reared (F ig .  5 .4)  r a t s .  Enzyme 
a c t i v i t y  is expressed as pmoles o f  subs t ra te  
hydro Iysed/min/mg p ro te in  in means ± S.E.M.of N = 9 
f o r  each t ime p o in t  shown. Motor co r tex  a c t i v i t y  
over the  24 h per iods  d i f f e r s  s i g n i f i c a n t l y  f rom
a s t r a i g h t  l i n e  f o r  dark reared (x^ = 15.2, p < 0 .01)
2and normal (% = i 3 . 7 ,  p < 0.02) animals.
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repor ts  on d iu rna l  v a r i a t i o n s  in the c h o l i n e r g i c  system o f  
the r a t .  MoudgiI and Kanungo (1973) repor ted a rhythm in 
AChE a c t i v i t y  in normal r a ts  which is high dur ing the day 
and low a t  n ig h t ,  and which var ied  as a fu n c t io n  o f  age o f  
the animal.  Al though these r e s u l t s  are compat ib le  w i th  
the present ones, they are not s t r i c t l y  comparable as they 
represent  a c t i v i t y  in whole cerebra l  hemispheres.  In 
a d d i t i o n ,  S a i to  (1971) has shown t h a t  b ra in  a c e t y l c h o l i n e  
v a r ie s ,  w i th  a peak dur ing  the  l i g h t  and low leve ls  dur ing  
the dark pe r iod ,  and f u r t h e r  t h a t  t h i s  is c o r re la te d  w i th  
the d a i l y  c y c le  o f  motor a c t i v i t y .  The evidence is  c o n t r a ­
d i c t o r y ,  and Quay e t  aj_. ( 197 I ) found no evidence o f  a 24 
hour rhythm i c i t y  in AChE a c t i v i t y  in whole cerebra l  c o r te x .  
These r e s u l t s  are,  however, s t i l l  compat ib le  w i th  the 
present ones, f o r  i f  the re s u l t s  f o r  the v is u a l  and motor 
c o r t i c e s  are combined in each case, the r e s u l t i n g  rhythms 
are not s i g n i f i c a n t .  The re s u l t s  repor ted here would 
in d ic a te  a reg iona l  s p e c i f i c i t y  in a p a r t i c u l a r  f u n c t io n a l  
area w i t h in  the co r te x .  A f u r t h e r  d i f f e r e n c e  in e x p e r i ­
mental methodology is t h a t  the r e s u l t s  o f  the Quay e t  a l .  
study (1971) in d ic a te  caging c o n d i t io n s  du r ing  re a r in g  t o  be 
an impor tant  exogenous c o n t r o l l i n g  f a c t o r .  T h e i r  animals 
were housed s in g l y  in th re e  ou t  o f  fou r  exper iments,  and 
our animals were a l l  housed in l i t t e r m a t e  groups.
The presen t r e s u l t s  a lso  in d ic a te  a d i f f e r e n t i a t i o n  
between the normal ly reared and dark reared an imals ,  f o r  
a l though both d isp la y  a s i g n i f i c a n t  rhythm in the  motor 
co r te x ,  they are not the same. The rhythm in the  dark  
reared an imals,  a l though the ampl i tude is sm a l l ,  is  c l e a r l y  
two-peaked,and appears t o  c o r r e la t e  w i th  the o v e r a l l  loco-
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motor a c t i v i t y  cy c le .  The rhythm in the normal animals is 
more cI  ear I y four-peaked, a I though the large standard e r ro r s  
on the po in ts  a t  12.00, 16.00 and 20.00 in d ic a te  
cons iderab le  v a r i a b i l i t y  which e x i s t s  between in d iv id u a l  
animals.  These r e s u l t s  may imply t h a t  w i th  the dark box 
animals we are observ ing a s im p l i f i e d  system, less compl icated 
by e x t e r n a l l y  mediated e f f e c t s  such as a t t e n t i o n  and arousal 
o f  the animals in the normal animal house envi ronment .  That 
animals maintained in our  dark box system d is p la y  a 
r h y th m ic i t y  which is c i r c a d ia n  and en t ra ined  t o  a normal 24 h
cyc le  may not be in te rp re te d  as evidence f o r  the endogenous 
d r i v i n g  o f  the c lo ck ,  however, as the dark boxes are 
maintained in an o therw ise  normal animal house envi ronment 
in which s o c i a l ,  a u d i t o r y  and o l f a c t o r y  cues are not  excluded 
from the an im a ls ’ exper ience.
As re fe r red  to  e a r l i e r  in t h i s  chap te r ,  i t  was decided t o
record the o v e ra l l  locomotor a c t i v i t y  leve ls  o f  the an imals
th roughout  the  c i r c a d ia n  cyc le ,  and dur ing l i g h t  exposure a t  
va r ious  t imes o f  the day, t o  a t tempt  t o  c o r r e l a t e  t h i s  w i th  
the neurochemical measures. P la te  3 i l l u s t r a t e s  the  method 
used in these exper iments .  A Grass FT 5A v o lu m e t r i c  a i r  
pressure t ransducer  was connected by an a i r t i g h t  seal t o  a 
40 cm length o f  rubber t ub in g .  The whole animal cage -  e i t h e r  
ins ide  the rea r ing  dark box, o f  normal animals In th e  animal 
house or dur ing l i g h t  exposure in the behaviour room -  was 
rested a t  one end on t h i s  tube. Small d i f f e r e n c e s  in 
pressure on the  f l o o r  o f  the cage as the an imals moved around 
res u l ted  in s l i g h t  compressions o f  the tube. An 8v s t a b i l i z e d  
p o te n t ia l  d i f f e r e n c e  across the t ransducer  was thus modulated 
t o  produce an ou tpu t  in the m i l l i v o l t  range, l i n e a r l y

01.
dependent upon the s t reng th  o f  compression o f  the tube.  
Th is  ou tpu t  was fed in to  one channel o f  a Watanabe m u l t i -  
corder  3 channel pen recorder  ( s e n s i t i v i t y  = 10 mV, c h a r t  
speed = I cm/min).. Spurious noise was e l im ina ted  by on ly  
coun t ing  •> 2 mm d e f l e c t i o n s  on the paper. Each d e f l e c t i o n  
was a r b i t r a r i l y  assigned as a u n i t  o f  a c t i v i t y .  The t o t a l  
u n i t s / h o u r  were counted and scored f o r  each record o f  each 
l i t t e r  o r  animal.  The s e n s i t i v i t y  o f  t h i s  arrangement was 
such t h a t  a large whole body movement by an animal o r  group 
o f  animals r e s u l te d  in a countab le  u n i t ,  w h i le  i n d iv id u a l  
grooming behaviour,  s c ra tch ing  e tc .  were excluded.  Beyond 
t h i s  crude d i f f e r e n t i a t i o n ,  no a t tempt  was made t o  separate 
o th e r  components such as f a s t  o r  slow a c t io n s ,  o r  movements 
o f  in d iv id u a l  animals from t h a t  o f  groups, a l though some of  
t h i s  in fo rmat ion  would be r e t r i e v a b le  from the records.
F ig .  5.5 i l l u s t r a t e s  a sample p o r t io n  o f  a reco rd in g .
The re s u l t s  o f  these experiments are i l l u s t r a t e d  in 
Figs.  5 .6 ,  5 .7 ,  5.8 and 5 .9 .  Figure 5.6 represents  the  
mean hour ly  a c t i v i t y  ± S.E.M. o f  23 to  29 measurements a t  
each hour p o in t ,  c o l l e c te d  from the cont inuous records  o f  
6 dark reared l i t t e r s  dur ing  dark rea r ing  between the ages 
o f  45-55 days each recorded con t inuous ly  over  a per iod  o f  
4-5 days and represents the sum a c t i v i t y  o f  4-8 animals 
per cage. The pa t te rn  o f  a c t i v i t y  in each o f  the  dark 
co lon ies  was very s i m i l a r ,  w i th  a s im i l a r  r a t i o  o f  ampl i tude 
range. The ampl i tude range in the l i t t e r  showing the 
sm a l les t  ampl i tude was 63 a c t i v i t y  u n i t s  above the mean and 
58 a c t i v i t y  u n i t s  below the  mean. The cor responding 
f ig u re s  f o r  the l i t t e r  showing the la rges t  range were 188 
a c t i v i t y  u n i t s  and 132 a c t i v i t y  u n i t s .  A large v a r i a t i o n  in
102,
Legend t o  Figure 5.5
Sample o f  motor a c t i v i t y  record.  The c h a r t  
shows the  p a t te rn  obta ined over  a 25 minute period  
from two cages, each c on ta in in g  fo u r  50 day o ld  
animals,  recorded s im u l taneous ly  w i th  a Watanabe 
m u l t i c o rd e r  pen reco rde r ,u s ing  methods as descr ibed 
in the t e x t .  Pen displacements > 2 mm were assigned 
as u n i t s  o f  a c t i v i t y .  Top l i n e  i l l u s t r a t e s  an 
.ac t ive  group and lower line.an, inac t ive  group o f  
animals.
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the mean leve ls  o f  a c t i v i t y  between the l i t t e r s  ( from 80 
a c t i v i t y  u n i t s  t o  204 a c t i v i t y  u n i t s )  was a t t r i b u t e d  la rg e ly  
t o  the d i f f e r i n g  numbers o f  animals per cage recorded. In 
o rde r  t o  s tandard ize  these r e s u l t s  t o  ob ta in  an o v e r a l l  
average p i c t u r e ,  the  fo l l o w in g  procedure was adopted. The 
mean o f  each l i t t e r  was c a lc u la te d .  The a c t i v i t y  u n i t s  x 
hours o f  record ing  (areas) o f  the po in ts  above the mean and 
below t h i s  mean were c a l c u la te d .  Each o f  these area f i g u r e s  
were then d iv ided  by the number o f  po in ts  above and below 
the mean r e s p e c t i v e l y .  The average o f  these f i g u r e s  f o r  each 
o f  the s i x  dark  reared l i t t e r s  were taken,  and the r e s u l t s  o f  
each l i t t e r  s tandardized t o  the same mean f i g u r e .
The o v e ra l l  r e s u l t  produced in Fig.  5 .6  c l e a r l y  shows 
a d iu rna l  r h y th m ic i t y  reaching a peak a t  dawn w i th  low le ve ls  
throughout  the  day -  and in t h i s  respect is  very s i m i l a r  t o  
the wel l  known behavioural  a c t i v i t y  cyc le  o f  the  normal ly  
reared r a t .  The graph ind ica tes  t h a t  some 67^ o f  the 
a c t i v i t y  occurs dur ing  the hours 19.00 to  09.00 hours.  A 
r e s u l t  o f  the combination and poo l ing  o f  the data from the 
s i x  l i t t e r s  would prec lude any at tempt  t o ,  nor was i t  
intended, t o  e s ta b l i s h  a p rec ise  per iod f o r  the rhythm -  
which has p rev io us ly  been shown (Ascho f f ,  1965) t o  be s l i g h t l y  
extended from 24 h in animals under ’ f r e e  ru n n in g ’ c o n d i t i o n s  
where the  a c t i v i t y  is  not  d i r e c t l y  d r iven  by environmental  
I i g h t i n g  c o n d i t io n s .
Figure 5.7 shows f o r  comparison the mean a c t i v i t y  le v e ls  
-  S.E.M. o f  6 l i t t e r s  o f  normal r a t s .  Each p o in t ,  c a l c u la te d  
in s i m i l a r  fash ion t o  t h a t  a l ready  descr ibed,  represen ts  the  
mean o f  10 measurements. The main d i f f e re n c e s  between t h i s  
record and t h a t  from the dark reared animals are i l l u s t r a t e d  
in Fig .  5.8 which p lo t s  both sets  o f  r e s u l t s  on the  same
05
Legend t o  Figures 5.6 to  5.8
Overa l l  locomotor a c t i v i t y  leve ls  in cages o f  
50 day o ld  r a ts  over 24 h per iods  in dark reared 
unexposed (F ig .  5 .6) and normal (F ig .  5 .7 )  an imals .
Fig.  5.8 represents  both groups toge the r .  A c t i v i t y  
was scored over  cumulat ive I h per iods and is expressed 
in a r b i t r a r y  u n i t s  as descr ibed in the t e x t .  F ig .  5.6 
dep ic ts  the  means ± S.E.M. o f  23-29 measurements a t  
each p o in t  from l i t t e r s  compr is ing 4-8 animals per cage,  
and F ig .  5.7 the means ± S.E.M. o f  10 measurements a t  
each p o in t  from l i t t e r s  comprising 4-8 animals per cage.
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scale (S.E.M’ s have been omit ted here f o r  c l a r i t y ) .  The 
pa t te rn  in the normal animal is  very  s i m i l a r ,  w i th  some
80^ o f  the a c t i v i t y  occu r r ing  dur ing the dark pe r iod ,  as
measured by t h i s  techn ique.  The immediate d i f f e r e n c e  in 
the r e s u l t s  is  t h a t  the t o t a l  level  o f  a c t i v i t y  is  much 
g rea te r  in the l i g h t - d r i v e n  animals,  reaching peaks dur ing
the dark phase some 100# h igher  than the dark reared
l i t t e r s .  I t  is  d i f f i c u l t  t o  say w i th  any c e r t a i n t y  whether 
the phase s h i f t  o f  some 1-2 h (15-30°) between th e  two 
groups o f  animals would be s i g n i f i c a n t ,  and t h i s  quest ion 
would requ i re  f u r t h e r  d e ta i le d  In v e s t ig a t io n  t o  be answered. 
I f  the phase s h i f t  is  not  a r te fa c tu a l  o r  spu r ious .  I t  may 
be re la te d  t o  a delay in the responsiveness o f  the  dark 
animals t o  ou ts ide  (general  animal house) s t im u la t i o n .
The c i r c a d ia n  v a r i a t i o n  in locomotor a c t i v i t y  le ve ls  
in the dark maintained animals may be compared w i th  the 
c i r c a d ia n  f l u c t u a t i o n  in a c e ty lc h o l i n e s te ra s e  le ve ls  in 
the motor co r te x  (F ig .  5 .3 ) .  A comparison o f  the two sets  
o f  data would in d ica te  a f a i r l y  c lose  correspondence o r  
c o r r e l a t i v e  r e la t i o n s h i p ,  w h i l s t  no such obvious c o r r e l a t i o n  
is observable w i th  the data from the normal an imals .
One hypothesis  which was advanced e a r l i e r  in t h i s  
chapter  t o  account f o r  the t ime dependent i n t e r a c t i o n  in 
the e le v a t io n  o f  v isua l  c o r te x  a c e t y lc h o l i n e s te ra s e  leve ls  
was t h a t  the animals may be less a c t i v e  o r  b e h a v io u ra l l y  
aroused dur ing l i g h t  exposure la te  in the day. Th is  hypo­
t h e s is  was tes ted  by record ing  the a c t i v i t y  o f  i n d iv i d u a l  
animals dur ing l i g h t  exposure.  The r e s u l t s  o f  these 
exper iments are i l l u s t r a t e d  in Fig.  5 .9 .  The mean number 
o f  a c t i v i t y  u n i t s  ± S.E.M. f o r  s i x  measurements a t  each
10.
hour p o in t  are represented hour ly  dur ing each o f  the th ree  
hour exposure per iods  commencing a t  06.00, 09.00,  12.00,
15.00 and 18.00 h. These exper iments u t i l i s e d  d i f f e r e n t  
l i t t e r s  from t h a t  repor ted in F ig .  5 .3 .  The re s u l t s  
in d ica te  t h a t  some 60-75# o f  the t o t a l  a c t i v i t y  in each 
exposure per iod  occurs dur ing  the i n i t i a l  hour,  which is 
la rg e ly  accounted f o r  by an extended bu rs t  o f  a c t i v i t y  as 
the animals i n i t i a l l y  exp lo re  t h e i r  new v isua l  env ironment 
and adapt t o  a one animal per cage s i t u a t i o n .  The adap ta t ion  
occurs s u r p r i s i n g l y  r a p id l y  in view o f  the sudden and t o t a l  
t ran s fo rm a t ion  o f  v isua l  and soc ia l  exper ience.  However, 
t h i s  i n i t i a l  spate o f  a c t i v i t y  i t s e l f  v a r ie s  c y c l i c a l l y  w i th  
the  t ime o f  onset o f  exposure.  This is ind ica ted  by 
comparing the he igh ts  o f  the s t r i p e d  bars in F ig .  5 .9 .  
Al though the  d i f f e re n c e s  are not large in comparison t o  the 
v a r i a b i l i t y  between the animals,  a c t i v i t y  dur ing  the  i n i t i a l  
hour a f t e r  the onset o f  l i g h t  is  s i g n i f i c a n t l y  h igher  dur ing  
a.m. than p.m. exposure ( t  = 2 . 5 3 , -D.F. = 28, p < 0 .0 5 ) .
This r e s u l t ,  w h i le  not conc lus ive ,  prov ides a c lue  as 
t o  why the e le v a t io n  in a c e ty lc h o l i n e s te ra s e  le ve ls  which 
occurs dur ing l i g h t  exposure is i t s e l f  t ime dependent (F ig .  
5 .1 ) .  The animals may simply be less v i s u a l l y  a t t e n t i v e  when 
exposure occurs la te  in the day. To t e s t  t h i s  hypo thes is ,  a 
f u r t h e r  re f inement  would be t o  score the t o t a l  t ime the  
animals spend w i th  t h e i r  eyes shut  and eyes open in each hour 
per iod dur ing  each o f  the th re e  hour exposure pe r iods .  
U n fo r tuna te ly ,  a lack o f  t ime precluded c a r r y in g  ou t  t h i s  
exper iment.
Legend  t o  F i g u r e  5 . 9
The locomotor a c t i v i t y  o f  50 day o ld  dark 
reared ra ts  dur ing  3 h l i g h t  exposure per iods a t  
the t imes shown. A c t i v i t y  was scored over 
cumulat ive I h per iods  and is expressed as means 
± S.E.M. o f  a r b i t r a r y  u n i t s  from 6 animals a t  each 
exposure per iod .  A c t i v i t y  dur ing the i n i t i a l  hour 
o f  exposure ( s t r i p e d  bars) is  h igher  dur ing  a.m. 
than p.m. exposure ( t  = 2 .53,  p < 0 .05 ) .  White bare 
a c t i v i t y  dur ing second and t h i r d  hours o f  exposure.
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I 13.
Cone I usions
Ace ty lc h o l in e s te ra s e  leve ls  in the v isua l  and motor 
co r tex  of  normal ra ts  and o f  r a ts  reared f o r  50 days in 
the dark were compared t o  leve ls  in I i t t e r m a te s  exposed 
to  th ree  hour per iods  o f  v isua l  s t im u la t io n  du r ing  the 
hours 06.00 t o  21.00. An increase in v isua l  but  no t  motor 
co r te x  a c e ty lc h o l i n e s te ra s e  of 21# was observed when 
exposure occurred dur ing 09.30 t o  12.30 and t h i s  re p l ic a te d  
the  observa t ions  o f  Sinha and Rose (1976).  No s i g n i f i c a n t  
increase was detected when exposure occurred l a t e r  in the 
day, and i t  was hypothesised t h a t  t h i s  was r e la te d  t o  a 
c i r c a d ia n  rhythm o f  v isua l  v i g i l a n c e .  A c e ty l c h o l in e s te ra s e  
leve ls  were found to  f l u c t u a t e  w i th  a low ampl i tude rhythm 
in the motor,  but  not in the v isua l  co r tex  o f  normal r a t s  
and o f  r a t s  kept in cont inuous darkness. The locomotor 
a c t i v i t y  o f  the dark maintained ra t s  was found t o  vary  
d i u r n a l l y  w i th  a s im i l a r  rhythm but lower ampl i tude t o  t h a t  
found in normal ly reared animals,  and t h i s  rhythm c o r re la te d  
w i th  the  b ra in  motor c o r te x  a c e t y l c h o l i n e s te ra s e  le v e ls .
CHAPTER SIX 
CONTROL OF ACTIVITY DURING LIGHT EXPOSURE
The experiments descr ibed in t h i s  chap te r  o r i g i n a l l y  
der ived from and extend those in Chapter 5, where i t  was 
observed t h a t  the le ve ls  o f  a c e t y l c h o l i n e s te ra s e  in the 
motor c o r te x  o f  50 day old dark maintained ra ts  f lu c tu a te d  
in a reg u la r  d iu rna l  p a t te rn ,  and t h a t  t h i s  was seen t o  
correspond w i th  the amount o f  spontaneous locomotor 
a c t i v i t y  in the an imals .  These observa t ions  prompted the  
hypothesis o f  a c o r r e l a t i v e  r e la t i o n s h ip  between the  two 
measures. One way o f  t e s t i n g  t h i s  would be t o  observe 
the e f f e c t s  o f  in v o lu n ta ry  a c t i v i t y  on motor co r te x  
enzyme, t o  determine i f  the  system could be d r iven .  
A d d i t i o n a l l y ,  the e f f e c t s  o f  a per iod o f  forced a c t i v i t y  
dur ing the  l i g h t  exposure per iod on v isua l  c o r te x  enzyme 
would prov ide  a c on t ro l  and d i r e c t  t e s t  o f  the hypothes is  
a lso  advanced in Chapter 5 t h a t  the level  o f  behavioura l  
arousal  -  which may a f f e c t  v isua l  a t t e n t i o n  -  may be an 
impor tant  v a r i a b le .  I t  was decided a lso  in these 
experiments t o  assay f o r  the more s p e c i f i c  c h o l i n e r g i c  
marker,  the s y n th e t i c  enzyme choI ineacetyI  t r a n s fe ra s e ,  
which ha.d a lso  been shown CSinha and Rose, 1976) t o  be 
s u b s t a n t i a l l y  e levated f o l l o w in g  a th re e  hour per iod  o f  
l i g h t  exposure,  and a lso  f o r  poss ib le  changes in the 
abso lu te  q u a n t i t i e s  o f  the muscar in ic  c h o l i n e r g i c  re c e p to r  
p ro te in  CmAChr) which had re c e n t l y  been found t o  be 
e levated some 54^ f o l l o w in g  exposure t o  l i g h t  (Rose and 
Stewart  (1978).
I 15.
M a te r ia ls  and Methods
Anima Is
The animal rea r ing  procedure was as t h a t  a l ready 
descr ibed (Chapter 2) w i th  the f o l l o w in g  d i f f e r e n c e s .  Due 
t o  a temporary shor tage,  some o f  the normal ly  reared 
animals used in these exper iments were purchased from the 
CFHB Wis tar  colony o f  Angl ia  Animal Supp l ie rs  Ltd.  
(Hunt ingdon, Cambs.). Normal ly reared animals o f  both 
sexes were used in these exper iments.  Dark reared animals 
were used a t  a range o f  ages from 30-60 days o f  age, and 
the  re s u l t s  from each age group are presented s e p a ra te ly .  
Experimental  Procedure
A l l  experiments took place w i th in  the same behaviour
room prev ious ly  descr ibed (Chapter 5 ) .  Some o f  the  dark
reared an imals ,  and normal animafs o f  both sexes, were placed
in motor d r iven  perspex wheels (diameter = 3 0  cm) re v o lv in g
a t  2 .3  revs/min ,  corresponding to  a ra te  o f  movement a t  the
c ircumference o f  approx imate ly  4 cm/sec. P la te  4 prov ides
an i l l u s t r a t i o n  o f  one o f  these wheels. The o th e r  dark
reared animals and normal animals were placed in a s e r ie s  o f
i d e n t i c a l  but  undr iven wheels on the same bench, which were
capable o f  being s e l f - p r o p e l l e d  by the an ima ls .  Some
experiments were run w i th  the room in t o t a l  darkness, w h i l s t
in o the rs  the animals were c o n c u r re n t ly  exposed t o  d i f f u s e
overhead i l l u m in a t i o n  from tungsten l i g h t s  ( l i g h t  i n t e n s i t y
2approx imate ly  200-250 lumens/m a t  the  bench). A l l  
exper iments were begun between 09.00 and 10.00 hours.  Animals 
were perm it ted  a u d i to r y  but not v isua l  c on tac t  w i th  each 
o the r .  Fo l low ing th ree  hours o f  exposure t o  t h e i r  r e s p e c t i v e  
c o n d i t io n s ,  animals were k i l l e d  by a blow t o  the back o f  the
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neck, and v isua l  and motor c o r t i c e s  d issec ted freehand and 
placed on ice,  e x a c t l y  as descr ibed p re v io u s ly .  A l l  dark 
c o n d i t io n  animals were k i l l e d  in very dim i l l u m i n a t i o n .  
Biochemical Procedures
Homogenates o f  v isua l  and motor co r te x  were prepared 
e x a c t l y  as descr ibed p re v io u s ly  in Chapter 5. AChE, CAT,
3
H QNB s p e c i f i c  b ind ing  and p ro te in  conce n t ra t io n  were 
determined in these homogenates by the methods descr ibed 
in Chapter 4.
S t a t i s t i c a l  Ana lys is
A t o t a l  o f  13 dark reared l i t t e r s  and 14 normal l i t t e r s  
were used in t h i s  s e r ie s  o f  exper iments.  The t o t a l  number 
o f  animals in each o f  the  con d i t io n s  is presented in Tables 
6 .4 ,  6.5 and 6 .6 .  As the re  was some v a r i a t i o n  in the 
mean leve ls  o f  the biochemical parameters measured between 
the var ious  l i t t e r s ,  the r e s u l t s  were s tandard ized by the 
method o f  cons tan t  a d d i t i o n  in each case t o  the grand mean 
o f  a l l  the l i t t e r s  f o r  each o f  the biochemical measures, 
and subsequent analyses performed on t h i s  data.  The r e s u l t s  
from the dark reared animals were analysed w i th  th re e  way 
( l i g h t  X a c t i v i t y  x age) analyses o f  var iance f o r  each o f  
the biochemical measures f o r  each of  the v is u a l  c o r te x  and 
motor co r tex  r e s u l t s ,  and a lso  f o r  the r a t i o  o f  the  two 
( v is u a l /m o to r  c o r t e x ) .  Animals were c lassed in each o f  
two ways f o r  each o f  the v a r ia b le s  analysed, as f o l l o w s : -  
L igh t  -  whether exposed t o  I i g h t  o r  not 
A c t i v i t y  -  whether exposed t o  forced a c t i v i t y  o r  not 
Age -  whether over  o r  under 45 days o f  age.
In each case animals were c l a s s i f i e d  accord ing t o  these 
c r i t e r i a ,  i r r e s p e c t i v e  o f  which o th e r  ca te g o r ie s  were a ls o
a p p l i c a b le .  An SPSS Anova programme was used app rop r ia te  
f o r  a design in v o lv ing  unequal c e l l  f requences, which makes 
al Iowance in the var iance est imates f o r  the incomple te ly  
balanced design. Three-way and h igher  i n t e r a c t i o n  e f f e c t s  
were not  computed, and on ly  s i g n i f i c a n t  two-way in t e r a c t i o n  
e f f e c t s  are presented in the r e s u l t s .  The age c l a s s i f i c a t i o n  
was chosen as a convenient  m id -p o in t  separa t ing  animals in 
the range normal ly  used in our exper imental  design from 
j u v e n i l e  animals,  w h i l s t  i n s u f f i c i e n t  numbers o f  animals 
were a v a i l a b le  in each category  f o r  a f u r t h e r  accurate  break­
down o f  the r e s u l t s  in to  sma l le r  c a te g o r ie s .  The r e s u l t s  
from the normal ly  reared animals were ana lysed , in  the same 
c o r t i c a l  a reas ,us ing  two-way ( a c t i v i t y  x sex) analyses o f  
var iances  using the same procedure as descr ibed f o r  the  
dark reared animals.  S ig n i f i c a n c e  of  d i f f e r e n c e s  between 
these ca tegor ies  were subsequent ly c a lc u la te d  using the 
Studenfs t  t e s t  (2 t a i l e d  p r o b a b i l i t y  va lues ) .
Resul ts  and Discussion 
Tables 6 .1 ,  6.2 and 6.3 summarise the r e s u l t s  o f  the 
analyses f o r  each o f  the biochemical measures. L ig h t  
exposure has s i g n i f i c a n t  e f f e c t s  in the v isua l  c o r te x  in 
a I I t h re e  measures, but  not  in the motor c o r te x ,  and in the  
AChE and H QNB b ind ing  data t h i s  a lso  achieves s i g n i f i c a n c e  
in the v is u a l /m o to r  r a t i o .  There are a lso  very  s i g n i f i c a n t  
e f f e c t s  re la ted  t o  the age o f  the animals on a l l  t h ree  
measures, bu t  s ince these do not i n t e r a c t  w i th  e i t h e r  o f  the  
two exper imental  t rea tments  (exposure o r  a c t i v i t y )  the e f f e c t s  
o f  these t rea tments  are not d i f f e r e n t i a l  between the two age 
groups. Male animals d i f f e r e d  s i g n i f i c a n t l y  from female 
animals in both c o r t i c a l  areas, but  on ly  in CAT a c t i v i t y ,  and 
the re  were a lso  s i g n i f i c a n t  a c t i v i t y  x sex i n t e r a c t i o n  e f f e c t s
19.
in t h i s  biochemical measure. The e f f e c t s  o f  the forced 
a c t i v i t y  are s i g n i f i c a n t  on motor co r tex  AChE and H QNB 
s p e c i f i c  b ind ing f o r  the dark reared animals,  but  not in 
CAT a c t i v i t y ,  and these are a lso  s i g n i f i c a n t  in the  
v is u a l /m o to r  c o r te x  r a t i o .  There were no s i g n i f i c a n t  
e f f e c t s  o f  the  a c t i v i t y  in normal ly  reared an imals .
Tables 6.1 to  6.3 summarize the analyses o f  
these d i f f e re n c e s ,  and Tables 6.4 t o  6.6 represen t  the 
r e s u l t s  o f  the t  t e s t  comparisons between the  in d iv id u a l  
groups. Due t o  the design employed in these exper iments,  
where some animals were l i g h t  exposed under c o n d i t io n s  o f  
s imultaneous a c t i v i t y  w h i l s t  o thers  were not ,  and a l l  
animals had f re e  locomotion r e s t r i c t e d ,  these r e s u l t s  are 
not nece ssa r i l y  d i r e c t l y  comparable to  those obta ined w i th  
our normal exper imental  design.  "For  example, no al lowance 
has been made f o r  poss ib le  s t r e s s f u l  a r t e f a c t s  in troduced 
under these c o n d i t i o n s .  As indexed by amount o f  
defecat ion. , ,  which in the r a t  is  commonly taken as a crude 
index o f  the amount o f  trauma (Paré, 1964) and which 
increases when animals are placed in these wheels (N. Wood, 
unpubl ished observa t ions )  poss ib le  confounding e f f e c t s  o f  
s t ress  cannot be dismissed.
Never the less,  the r e s u l t s  g e n e ra l l y  r e f l e c t  and extend 
those p rev io us ly  . found (see Table 6 .7 ) .  The l i g h t  induced 
e le v a t io n  in v isua l  c o r te x  a c e t y lc h o l i n e s te ra s e  is again 
r e p l i c a t e d ,  as is  a la rge r  increase in QNB s p e c i f i c  b ind ing  
t o  mAChr o r i g i n a l l y  repor ted by Rose and Stewar t  (1978).
The l i g h t  induced e le v a t io n  in v isua l  c o r te x  CAT a c t i v i t y  
was on ly  6^ which i s ,  s u r p r i s i n g l y ,  s i g n i f i c a n t  (Table 6 .5)  
w i th  the low v a r i a b i l i t y  found in t h i s  measure -  a l though t h i s
'20.
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TABLE 6.5 Table o f  c h o l in a c e ty l  t ran s fe rase  i' value  comparisons 
Ra t io  = v is u a l /m o to r  co r te x
Compar i son Region N l /  N2 t  va 1ue D.F. p value Nl (n) n2(n )
N1 = 1 igh t V isua 1 1.06 2.28 45 0.027 28 19
exposed Motor 1 .01 0.38 45 n .s . 28 19N2 = dark
con t ro l Ra t io 1.04 1 .50 45 n .s . 28 19
NI = dark V i sua1 0.99 0.20 45 n .s . I 1 36reared,
and a c t iv e Motor 0.98 0.58 45 n .s . 1 1 36
N2 = dark Ra t io 1 .01 0.45 45 n.s. ' 1 1 36 :
reared,
not a c t i v e
Nl = norma 1 
and a c t i v e
N2 = norma 1, 
not a c t i v e
V i sua1
Motor
Rat io
0.95
1.02
0.96
1.13
0.63
0.56
45
46 
46
n .s .
n .s .
n .s .
13
13
13
34
35 
35
Nl = 45-60
days old
Visual 1 . 10 4.81 45 0.0001 23 24
N2 = 30-45
Motor 1 . 14 6.42 45 0.0001 23 24
days old
(A l l  dark 
reared)
Rat io 0.97 1.26 45 n .s . 23 24
N 1 = fema1 es V i sua1 1.22 7.09 45 0.0001 20 27
N2 = males Motor 1.15 5.55 46 0.0001 20 28
( A l l  norma 1s) Rat io 1 . 10 1 .67 46 n.s . 20 28
TABLE 6,6 Table o f  H ONB b ind ing t  value comparisons 
Ra t io  = V is u a l /motor c o r te x
125
Comparison Region NI/N2 t  value D.F. p value Nl (n) N2(n)
N1 = 1 ig h t  V i sua 1 1 .31 2.13 35 0.05 16 21
exposed Motor 0.93 0.98 35 n .s . 17 20"DÎ%Ï 1.21 1 .94 36 n .s . 17 21
N1 = dark  V i sua 1 1.08 0.93 35 n .s . 9 28
reared Motor 
and a c t i v e 0.83 2. 1 1 35 0.042 9 28
N2 = dark 1 .35 2.96 36 0.005 9 29
reared.
not a c t i v e
Nl = normal Visual 0.99 0. 14 42 n .s . 13 31
0.95 1.09 39 n .s . 13 28
not a c t i v e  Ra t io 1 .37 2.32 44 0.025 13 33
N1 = 45-60 V i sua 1 1 .33 4.86 35 0.0001 21 16
deys o ld  Motor 1.34 5.06 35 0.0001 21 16
1.11 1.03 36 n .s . 21 17
(Al 1 dark
reared)
Nl = females Visual 1 .0 0 .0 42 n .s . 20 24
N2 = males Motor 0.93 1.52 39 n .s . 18 23
(A l l  norma 1)Rat io 1 . 19 1.27 44 n .s . 20 26
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increase recedes in to  i n s ig n i f i c a n c e  on the  unstandardized raw 
data.  Th is  increase is not c o n s is te n t  w i th  the 30^ increase 
in v isua l  c o r te x  and 2 2 $  increase in motor co r te x  enzyme 
obta ined a f t e r  a s im i l a r  exposure per iod by Sinha and Rose 
(1976) and t h i s  may be re la ted  t o  the present d i f f e r e n c e s  
in experimental design. There were no changes in CAT 
a c t i v i t y  in respect  of  the  o the r  exper imental  m an ipu la t ion ,  
fo rced exe rc ise ,  in e i t h e r  the  dark reared o r  normal ly  reared 
animals under these c o n d i t io n s .  A s i g n i f i c a n t  decrease in 
QNB b ind ing  in the motor c o r te x  and r a t i o  r e s u l t s  of  the 
dark  reared animals f o l l o w in g  t h i s  exper imental  t rea tm en t  
was however d iscovered, and which in the v is u a l /m o to r  co r te x  
r a t i o  r e s u l t s  is  a lso  r e f l e c te d  in a reduc t ion  in a c e t y l ­
c ho l in es te rase .  No e f f e c t s  were found in the  motor co r tex  ' '
on e i t h e r  measure f o l l o w in g  t h i s  t rea tment  in normal ly  
reared animals,  a l though a s im i l a r  a l t e r a t i o n  in the  v i s u a l /  
motor c o r te x  r a t i o  r e s u l t s  is r e f l e c te d  a t  le as t  in the  
QNB b ind ing data.  This l a t t e r  r e s u l t ,  from a t  t e s t  comparison, 
should however be regarded w i th  some cau t ion  as the  a n a ly s i s  o f  
va r iance (Table 6.3b) had f a i l e d  t o  reveal t h i s  as a 
s i g n i f i c a n t  e f f e c t .
F igs.  6.1 (AChE), 6.2 (CAT) and 6.3 (QNB) summarize 
g r a p h i c a l l y  the s ize  o f  these changes re la ted  t o  l i g h t  
exposure and forced a c t i v i t y  in the  dark reared and normal ly  
reared animals.  Each bar represents  the mean ± S.E.M. o f  the 
r e s u l t s  of  the  v is u a l /m o to r  co r tex  c a l c u la t i o n s ,  enab l ing  a 
d i r e c t  comparison t o  be made between the  th re e  measures.
The data (combined from a l l  exper imental  t rea tm en ts )  was 
a lso  broken down dichotomousI y by age o f  animals i n to  
c a tegor ies  o f  30-45 days o ld  or  45-60 days o ld  (dark  reared
27
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animals on ly )  and by sex (normal animals o n l y ) .  A 
s i g n i f i c a n t  reduc t ion  in a l l  t h ree  c h o l i n e r g i c  markers is 
present in animals in the younger age group. F igs.  6.4 (AChE 
r e s u l t s  in pm o f  subs t ra te  hydro Iysed/min/mg p r o te in ,  6.5 
(CAT r e s u l t s  in DPM/mg p r o te in /h )  and 6.6 (^H ONB r e s u l t s  in 
pmoles bound/mg p r o te in )  present g r a p h i c a l l y  a f u r t h e r  break­
down o f  t h i s  data in animals grouped a t  5 day in t e r v a l s  
(ca tego r ies  absent r e f l e c t  missing da ta ) .  Th is  developmental 
p r o f i l e  o f  an age dependent increase in c h o l i n e r g i c  a c t i v i t y  
in our dark reared animals is  in agreement w i th  r e s u l t s  f o r  
AChE obtained in normal ly  reared animals by Elkes and 
Tod r ick  (1955) and Ad lard and Bobbing (1970) and f o r  AChE 
and CAT in normal ly  reared and dark reared animals by Big I 
and B ieso ld  (1978).
Only in CAT a c t i v i t y ,  however, were the re  any s i g n i f i c a n t  
d i f f e re n c e s  re la ted  t o  the sex o f  the ( a l l  normal)  an imals ,  
w i th  female animals showing a 15-22# increase over  the  male 
a n im a ls . .  F igs.  6.7 (AChE in ym subs t ra te  hydro Iysed/min/mg 
p r o t e in ) ,  6.8 (CAT in DPM/mg p r o te in /h )  and 6.9 (^H QNB in 
pmoles bound/mg p ro te in )  summarize the  data f o r  the  v isua l  
and motor co r tex  broken down by sex.
The d i f f e re n c e s  obta ined in t h i s  s e r ies  o f  exper iments 
which are r e la ted  t o  the exper imental  t rea tm ents  are 
suggest ive ,  but  a lso ra is e  a number o f  ques t ions .  The r e s u l t s  
would in d ic a te  t h a t  our dark  reared animals can d i f f e r  
s i g n i f i c a n t l y  from normal ly  reared r a t s ,  not  on ly  in respec t  
o f  the wel l  documented changes in the  v isua l  system, but in 
o the r  aspects o f  b ra in -behav iou r  i n t e r a c t i o n s .  The dark  
reared animals,  as discussed in Chapter 5, are around 50# 
spontaneously less a c t i v e  than s i m i l a r  cages of  normal an imals .
29
Legend t o  Figures 6 .1 t o  6.5
The e f f e c t s  o f  3 h per iods o f  I igh t  exposure and 
forced a c t i v i t y  on 30-60 day old dark  reared and 
normal ly  reared ra ts  f o r  le ve ls  o f  a c e t y l c h o l i n ­
esterase (F ig .  6.1) chol ineacetyI  t r a n s fe r a s e . ( F ig .
6.2)  and QNB s p e c i f i c  b ind ing (F ig .  6 .3 ) .  Each 
bar represents  the mean ± S.E.M. o f  9-41 animals 
and is expressed as the  r a t i o  o f  v isua l  co r te x  l e v e l s /  
motor co r te x  le v e ls .  Numbered bars represent  as fo l low s :
1. Dark reared and not exposed t o  l i g h t ,  in 
s ta t i o n a r y  wheels
2. Dark reared and exposed t o  l i g h t  in s t a t i o n a r y  
wheels v
3. Dark reared and exposed to  l i g h t  in motor d r iven  
wheels
4. Normal ly reared and placed in s t a t i o n a r y  wheels
5. Normal ly reared and placed in motor d r iven  wheels
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Legend t o  F igures  6.4 t o  6.6
The e f f e c t s  o f  age o f  dark reared animals grouped 
a t  5 day in t e r v a l s  between t h e  ages o f  30-60 days on 
measured a c e ty lc h o l i n e s te ra s e  (F ig .  6 .4 ) ,  c h o l i n e ­
acety I t r a n s fe ra s e  (F ig .  6.5)  and QNB s p e c i f i c  
b ind ing (F ig .  6 .6)  in v i s u a l  (wh i te  bars) and motor 
( s t r i p e d  bars) co r te x .  Categor ies absent r e f l e c t  
missing data.  AChE a c t i v i t y  is expressed as pmoles 
o f  subs t ra te  hydro Iysed/min/mg p r o te in ,  CAT a c t i v i t y  
as DPM/mg p r o t e in /h  x 10 and QNB b ind ing  as pmoles 
bound/mg p r o t e i n , .  Each bar represents  the  mean 
± S.E.M. o f  6-21 animals.
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Legend t o  Figures 6.7 t o  6.9
A ce ty Icho I ine s te rase  (F ig .  6 . 1 ) ,  cho I ineace ty I  -  
t ran s fe rase  (F ig .  6 .8)  and QNB s p e c i f i c  b ind ing  (F ig .  
6.9) in v isua l  and motor c o r te x  o f  femafe ( s t r i p e d  bars) 
and male (wh i te  bars) normal ly  reared ra t s .  AChE a c t i v i t y  
is  expressed as pmoles o f  subs t ra te  hydrolysed/min/mg 
p r o te in ,  CAT a c t i v i t y  as DPM/mg p ro te in /h  x 10 ^ and 
QNB b ind ing as pmoles bound/mg p r o te in .  Each bar 
represents the mean ± S.E.M. o f  18-32 measurements.
CAT female/male r a t i o  in v isua l  co r te x  = 1.22 ( t  = 7 .09 ,  
p < 0.0001) and in motor co r te x  = 1.15 ( t  = 5 . 5 5 ,  p < 
0 .0001).
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and i t  appears t h a t  the expe r im e n ta l ly  induced a c t i v i t y  has 
a correspond ing ly  d i f f e r e n t i a l  e f f e c t .  As was a lso  discussed 
in Chapter 5, the  l i g h t  depr ived animals d i s p la y  a d iu rn a l  
r h y th m ic i t y  in AChE le ve ls  which tends t o  p a r a l l e l  the p a t te rn  
o f  spontaneous locomotor behaviour,  whereas norma l ly  reared 
animals show no simple correspondence. As a t e n t a t i v e  
exp lana t ion  f o r  t h i s  d i f f e r e n c e ,  i t  is  poss ib le  t h a t  ’ d r i v i n g ’ 
the  motor c o r te x  is  e f f e c t i v e l y  a c t in g ,  even in a r e l a t i v e l y  
s ho r t  pe r iod ,  t o  s p e c i f y  o therw ise  developmental I y delayed 
u n s p e c i f i c  pathways leading t o  reduc t ions  in AChE and mAChr 
as a process o f  synap t ic  s t a b i l i s a t i o n  (Changeux and Danchin, 
1976) w i th  app rop r ia te  input t o  these pathways.
The la rges t  d i f f e r e n c e s ,  both in the v isua l  co r te x  
fo l l o w in g  v isua l  exper ience and in the motor c o r te x  
f o l l o w in g  a r t i f i c i a l l y  induced a c t i v i t y ,  are observed in 
QNB s p e c i f i c  b ind ing , and these are g e n e ra l l y  r e f l e c t e d  in 
s im i l a r  but sm a l le r  (and w i th  less v a r i a b i l i t y  in the  data) 
changes in AChE le ve ls .  Th is  is c o n s is te n t  w i th  c u r r e n t  
knowledge o f  the topograph ica l  l i n k in g  o f  es terase and 
recep to r  on the po s t - s y n a p t ic  membrane. Un l i ke  the  enzyme 
a c t i v i t y  measurements, those o f  mAChr invo lve a more d i r e c t  
assay o f  the number o f  recep to r  molecules,  o r  b ind ing  s i t e s ,  
present.  No such large d i f f e r e n c e s  were observed in CAT 
le ve ls ,  however, f o l l o w in g  e i t h e r  exper imental  t re a tm e n t .  I t  
is e n t i r e l y  f e a s ib le  t h a t ,  f o r  example, changes in ACh 
tu rn ove r  could be r e f l e c te d  by a l t e r a t i o n s  in degrada t ive  ra te  
not r e f l e c te d  in changes in s y n th e t i c  ra te ,  dur ing the  per iods  
o f  fu n c t io n a l  s t im u la t i o n .  The re g u la t io n  ra te  and mechanisms 
o f  the  CAT enzyme remains u n fo r tu n a te ly  less than comple te ly  
understood. Rat b ra in  CAT has been shown t o  c o n s i s t  o f  t h re e
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molecu lar  forms (MaIthe-Sorensen and Fonnum, 1972), a l l  o f  
which have been iso la ted  from per ika rya  and axons as wel l  as 
from the  synaptosomes (Fonnum and MaIthe-Sorensen, 1973). 
A d d i t i o n a l l y ,  a l t e r a t i o n s  in the amount o f  b ra in  CAT o r  AChE 
found a t  any p o in t  of  t ime f o l l o w in g  fu n c t io n a l  s t im u la t io n  
might be due t o  the changes in under ly ing  dynamic processes 
o f  syn thes is ,  degradat ion  o r  a c t i v a t i o n ,  and thus may 
represent  on ly  the  end p o in t  o f  d i f f e r e n t  f u n c t io n a l  events.  
Some evidence as t o  the nature o f  the  biochemical co n t ro l  
processes involved has been provided (Rose, 1978a). To 
d i s t i n g u i s h  between the  a l t e r n a t i v e  p o s s i b i l i t i e s  t h a t  these
3
changes in "H ONB b ind ing a c t i v i t y  and enzyme le ve ls ,  
f o l l o w in g  l i g h t  exposure,  r e s u l t  e i t h e r  f rom an increase in 
the syn thes is  o f  new molecules o r  from the a c t i v a t i o n  o r  
unmasking o f  p r e - e x i s t i n g  p recursor  molecules,  exper iments 
in vo lv ing  s imultaneous l i g h t  exposure in animals in which 
p ro te in  syn thes is  has been at tenuated by anisomycin (4C mg/kg 
in jec ted  i . p . )  in d ic a te  t h a t  the e le v a t io n  in ONB b ind ing 
capac i ty  is not presen t CS.P.R. Rose, unpub l ished) .  Whi le 
suggest ive,  these p re l im in a ry  experiments are no t  conc lus ive ,  
as the anisomycin blocked on ly  around 6 0 - 7 0 ^  o f  the t o t a l  
cerebra l  p ro te in  syn thes is ,  w h i l s t  behavioura l  Iy,  p r e l im in a r y  
experiments in d ic a te  CS.P.R.Rose and N. Wood, unpubl ished) 
t h a t  the t o t a l  spontaneous locomotor a c t i v i t y  o f  anisomycin 
in jec ted  animals may be reduced by about one t h i r d ,  and hence 
the in t e r p r e t a t i o n  is not s t r a ig h t fo rw a r d .
To tu rn  t o  the  behavioural  ques t ions ,  the  r e s u l t s  discussed 
in Chapter 5 would not p r e d i c t  a depression in AChE c o n t in g e n t  
upon the forced exe rc ise ,  f o r  when spontaneous locomotor 
behaviour was high, so were a c e t y l c h o l i n e s te ra s e  le v e ls .  One
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pos s ib le  exp lana t ion  f o r  t h i s  is t h a t  spontaneous a c t i v i t y  
occurs w i th in  normal I y de f ined I i m i t s ,  whereas our 3 h per iod 
o f  forced a c t i v i t y ,  a l though compara t ive ly  m i ld ,  represents  
an abnormal per iod o f  a prolonged behaviour p a t te rn  amounting 
t o  a novel e x p e r i e n t ia l  s i t u a t i o n ,  t o  which the  animal must 
learn t o  adapt.  The behavioural  response to  the  exper ience 
is a s tereotyped one -  t y p i c a l l y  the animal w i l l  run a few 
steps,  be c a r r ie d  round w i th  the wheel f o r  a few seconds, and 
then run a few more steps,  u s u a l l y  remaining a t  the  base o f  
the  wheel. Th is  would seem to  be the best a v a i l a b le  
s t ra te g y  t o  minimise the  work expend i tu re .  (Animals w i l l  
sometimes c l i n g  on t o  the  rungs and be c a r r ie d  b o d i l y  round 
w i th  the wheel, but  t h i s  presumably ves t  i bu I a r - s t i  mu I a t  i ng exerci.se 
is  not us u a l l y  p ro longed).  SpecuI a t i v e I y ,  i t  may be hypo­
thes ised t h a t  responses in the  synap t ic  pathways involved may 
becorre less f l e x i b l e  and more s p e c i f  iced w i th  t im e .  Indeed, 
due t o  the  cons iderab le  redundancy in the neuronal network, 
i t  may reduce the  t o t a l  number o f  a c t i v e  pathways invo lved.
Th is  s p e c i f i c i a t i o n  cou ld  account f o r  the reduc t ions  in AChE
3
and H QNB b ind ing observed, whereas the f a c t  t h a t  CAT 
remains cons tant  would p o in t  t o  no o v e ra l l  changes in the 
enzym ica l ly  regu la ted syn thes is  o f  the t r a n s m i t t e r .
I t  should be noted t h a t  these re s u l t s  are c o n s i s te n t  
w i th  prev ious  repo r ts  o f  neurochemical a l t e r a t i o n s  assoc ia ted 
w i th  a per iod o f  forced e xe rc ise ,  a l though the evidence is 
c o n t r a d i c to r y .  Using normal ly  reared an imals.  T ip  lady (1972) 
observed a 15-20% decrease in the  ra te  of  in c o rp o ra t io n  o f  a
3
precursor  ( H lys ine )  in to  r a t  ce rebra l  c o r te x  p ro te in  
f o l l o w in g  per iods o f  a c t i v i t y  in a motor d r iven  wheel, and 
t h a t  t h i s  was not due t o  an impairment o f  the p ro te in
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s y n th e t i c  capac i ty  o f  the c e l l  (T ip I ady e t  _al_., 1973). Jakoubek 
and Gutmann (1968) observed a decrease in the ra te  o f  
in co rpo ra t ion  o f  labe l led  amino acid in to  sp ina l  motoneurones 
a f t e r  90 min forced swimming. In c o n t ra s t ,  Altman (1967) found 
an increase of  in co rpo ra t ion  o f  p recursor  in to  p r o te in  in a l l  
b ra in  reg ions  associated w i th  a per iod of  forced exe rc ise  in an 
a c t i v i t y  wheel, though t h i s  was determined au to rad iog raph ica I  I y .
I t  may a lso  be noted t h a t  Rose (1967) observed a decrease in
3
inco rpo ra t ion  o f  H lys ine  in to  motor co r te x  p ro te in s  of  some 
16% fo l l o w in g  a 3 h per iod o f  l i g h t  exposure,  and an increase 
o f  18% in motor co r te x  p ro te in  in co rpo ra t ion  f o l l o w in g  a 3 h 
per iod o f  forced a c t i v i t y  in a r o ta t i n g  wheel. Some o f  these 
c o n t r a d i c to r y  r e s u l t s  may be resolved i f  the behavioura l  v a r ia b le s ,  
and in p a r t i c u l a r  the  measures employed t o  c o n t ro l  f o r  aspects of  
d i f f e r e n t i a l  s t ress  were b e t t e r  de f ined .  I t  has been shown f o r  
example (Jakoubek e t  ^ . , 1970) t h a t  a decrease in the 
inco rpo ra t ion  ra te  in to  p ro te in  can occur  s o l e l y  as a r e s u l t  o f  
a n t i c i p a t i o n  s t re s s .  Al though these r e s u l t s  cannot be compared 
d i r e c t l y  w i th  those reported in t h i s  chapter ,  the behavioural  
problems are s i m i l a r .
Cone I us i ons
Rats were reared f o r  a range of ages from 30 t o  60 days in 
darkness, and subsequent ly exposed t o  th ree  hour per iods  o f  l i g h t  
alone o r  w i th  s imultaneous mi ld  but cont inuous a c t i v i t y  in a 
motor d r iven  wheel. The re s u l t s  in d ic a te  t h a t  the I i g h t - in d u c e d  
e lev a t ion s  in v is u a l  co r te x  AChE le ve ls  and H QNB b ind ing  are 
s t i l l  present  in animals exposed under these c o n d i t i o n s ,  a l though 
on ly  a very small increase in v isua l  c o r te x  CAT a c t i v i t y  was 
observed under these c o n d i t io n s .  There were no changes in CAT 
in e i t h e r  v isua l  o r  motor co r te x  assoc ia ted w i th  the o th e r
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f u n c t io n a l  s t im u lus ,  the forced a c t i v i t y ,  but  the re  were 
s i g n i f i c a n t  e f f e c t s  in motor c o r te x  AChE and QNB s p e c i f i c  
b ind ing .  Normal ly reared animals d isplayed a d i f f e r e n t  
pa t te rn  o f  changes assoc ia ted w i th  the forced a c t i v i t y .  A l l  
t h ree  c h o l i n e r g i c  markers were s i g n i f i c a n t l y  reduced in 
animals in the younger h a l f  of  the age group s tud ied  in 
comparison t o  o ld e r  animals,  con f i rm ing  r e s u l t s  from o th e r  
l a b o ra to r ie s ,  and the re  was a s ig n f  ican t  d i f f e r e n c e  between 
normal ly  reared male and female animals o f  comparable ages, but 
on ly  in CAT I eve Is.
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CHAPTER SEVEN 
CONTROL OF VISUAL EXPERIENCE DURtNG LIGHT EXPOSURE
Although the  r e g io n a l l y  s p e c i f i c  l i g h t  induced 
e le v a t io n s  o f  enzyme a c t i v i t y  in the  l i g h t  exposed ra ts  have 
so f a r  been i m p l i c i t l y  assoc ia ted w i th  f u n c t io n s  o f  the a l t e r e d  
s t im u lus  s i t u a t i o n  re la ted  d i r e c t l y  t o  v isua l  exper ience,  i t  
has not been c le a r  which observed biochemical  changes are 
assoc ia ted w i th  which aspects o f  the t o t a l  environmental  
s t im u lus .  Thus, u n l i k e  the  s i t u a t i o n  in the  young ch ick  
(Rose, 1978bi where con t ro l  exper iments have ind ica ted  t h a t  
enhanced inco rpo ra t ion  of  ’ ^C u r a c i l  in to  RNA in a f o re b ra ih  
area can be d i r e c t l y  a t t r i b u t e d  t o  the learn ing  o f  an 
im p r in t in g  s t im u lus  (an orange f la s h in g  l i g h t ) ,  no biochemical  
changes ye t  s tud ied  fo l l o w in g  the  f i r s t  exposure o f  dark  reared 
ra ts  t o  the l ight  have been thus f a r  de f ined .  I t  has not been 
ascer ta ined f o r  example, which,  i f  any, o f  the changes are 
r e la ted  t o  the onset o f  perceptual  fu n c t io n  in the v isua l  
system o r  t o  associa ted c o r t i c a l  events in v o lv ing  th e  
a c q u i s i t i o n  and in te rsensory  in te g ra t i o n  (cross-modal l inkage)  
of  events in the novel sensory m o d a l i t y .  By analogy w i th  the 
ch ic k  im p r in t i n g  exper iments,  b ra in  processes unde r ly ing  such 
changes should be neurochemical ly  d i s t i n g u i s h a b le  f rom any 
a r i s i n g  from s t ra ig h t fo rw a r d  v isua l  sensory s t im u la t i o n .
The experiments descr ibed in t h i s  chapter  were undertaken, 
using a s in g le  biochemical  measure' -  a c e t y lc h o l i n e s te ra s e  
a c t i v i t y  -  in an approach t o  d i s t i n g u i s h in g  e f f e c t s  re la te d  t o  
general v isua l  s t im u la t io n  from those re la ted  to  in fo rm a t ion  
processing in the c o r te x .  The nature o f  the v isu a l  exper ience 
dur ing l i g h t  exposure was c o n t r o l l e d  by the use o f  l i g h t  
d i f f u s i n g  con tac t  occ luders ,  which e f f e c t i v e l y  p reven t  
pat terned l i g h t  from s t r i k i n g  the r e t i n a e .
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M a te r ia ls  and Methods 
Contact  occluders
The con tac t  occ luders were const ructed by a m o d i f i c a t i o n  
o f  the method of  Clamp (personal  communication).  Lenses were 
s c le ra l  con tac t ing  o f  the type  descr ibed by Bonnet (1973),  
f i t t i n g  under the  e y e l id  and in c lose  con tac t  w i th  the  e n t i r e  
corneal su r face .  P la tes  5 and 6 are macrophotographs 
i l l u s t r a t i n g  these lenses in p lace.  P la te  5 i l l u s t r a t e s  a r a t  
w i th  a t ran spa ren t  lens f i t t e d ,  showing the v i s i b i l i t y  o f  the 
i r i s ,  and P la te  6 i l l u s t r a t e s  the  opaque occ luders  in p lace.  
Some sur face i r r e g u l a r i t i e s  are present,  and some loss o f  
o p t i c a l  d e f i n i t i o n  may have occurred, but f o r  these exper iments 
an app ro p r ia te  con t ro l  procedure was adopted (see below).
Lenses were shaped t o  the r a t ’ s eye by the  f o l l o w in g
procedure.  Male r a t s  in the we ight range 160-250 g a t  10 g
i n te r v a l s  were se lec ted .  The eyes were excised by manual
p ro t ru s io n  from the socket and o p t i c  nerve e x c is io n  w i th  curved
i r i s  s c is s o rs .  The f r e s h l y  excised eyes were immersed in a
m ix ture  o f  New Kromopan a lg in a te  impression m a te r ia l  (Wr ight
Dental Group, Dundee) made in a p ropo r t ion  o f  0.3  g/ml wa te r .
A f t e r  s o l i d i f i c a t i o n ,  the  eyes were removed and a p o s i t i v e  cast
made by in t roduc ing  in to  the mould a m ix tu re  o f  denta l  stone
(G. Nissel  and Co.,  Heme I Hempstead) made in a p ro p o r t io n  of
3.0  g/ml water.  A f t e r  hardening, the p o s i t i v e  cas ts  were
2examined f o r  f law s .  Approx imately  2.5 cm pieces o f  0.25 mm 
c e l l u l o s e  aceta te  were c u t  from t ra n s p a re n t ,  l i g h t  d i f f u s i n g  
and opaque (b lack)  sheets,  and warmed on a heated p la te  t o  
approx imate ly  150° C. The now p l i a b l e  p l a s t i c  was placed over  
the p o s i t i v e  casts and pressed down w i th  a 0.9 cm d iamete r  
hol low tube. A f t e r  c o o l in g ,  the  edges were trimmed and rounded 
t o  shape.
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A range o f  lenses were thereby const ruc ted  which were 
matched t o  animals w i th in  5 g body we ight.  These were placed 
on t o  the eyes o f  the l i g h t l y  e the r  anaesthet ised animal a f t e r  
i n s t i l l i n g  2 drops o f  0.1# amethocaine as a loca l  anaes the t ic  
and w e t t ing  agent on t o  the corneal  sur face.
Animals
The animal rea r ing  procedure was e x a c t l y  as t h a t  p re v io u s ly  
descr ibed in Chapter 2. A l l  exper iments subsequent ly took  
place w i th in  the  same behaviour room as p re v io u s ly  descr ibed 
(Chapter 5) w i th  the  fo l l o w in g  exper imental  des ign .
Exeper imental Procedure
II separate l i t t e r s  o f  dark  reared animals w i th  t h e i r  
normal ly  reared I i t te rm a tes  were used in t h i s  s e r ie s  o f  
exper iments.  The normal animals,  a f t e r  b r i e f  e th e r  adm in i ­
s t r a t i o n  as a c o n t ro l  procedure,  were placed in the  in d iv id u a l  
t ran s pa ren t  p l a s t i c  cages. The dark reared animals were 
randomly assigned t o  each o f  5 c ond i t ion s  as f o l l o w s ,  a f t e r  
removal from the rea r ing  box and a 60-90 s (accord ing  t o  
response) exposure t o  d ie th y l  e the r  in darkness:
1. Condi t ion L. Animals were placed in in d iv i d u a l
t ran spa ren t  p l a s t i c  cages.
2. Cond i t ion  CL. C lear  t ran spa ren t  p l a s t i c  occ luders  were
b in o c u la r l y  f i t t e d ,  a f t e r  which animals were placed in the  
exposure cages.
3. Condi t ion TL. As (2) except t h a t  l i g h t  d i f f u s i n g  occ luders
were f i t t e d .
4. Cond i t ion  DL. As (2) except t h a t  opaque occ luders  were
f i t t e d .
5. Cond i t ion  D. Animals were placed in in d iv i d u a l  cages
ins ide  a dark box.
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The f i r s t  fou r  o f  these groups of  animals,  t o g e th e r  w i th  the
normal animals (N) were exposed t o  overhead i l l u m i n a t i o n  from a
2tungsten l i g h t  ( luminous f l u x  approx imate ly  = 200-260 lumens/m 
a t  the bench). Cond i t ion  TL was exposed in a d d i t i o n  t o  a 
f u r t h e r  overhead l i g h t  which had been determined t o  be s u f f i c i e n t  
t o  compensate f o r  the  reduced l i g h t  i n t e n s i t y  s t r i k i n g  the  eye, 
as measured through an u n f i t t e d  d i f f u s i n g  lens w i th  a CdS l i g h t  
meter. A l l  animals were exposed ad ja c e n t l y  on the  same bench, 
and were perm it ted  aud i to ry  but not v is u a l  con tac t  w i th  each 
o the r .  Commencement o f  exposure was between 09.00 and 10.00 h 
in a l l  cases, t o  avoid the com p l ica t ions  due t o  d iu rn a l  r h y t h m ic i t y  
discussed in Chapter 5. Fo l lowing th ree  hours of  exposure t o
t h e i r  respec t ive  c o n d i t io n s ,  animals were k i l l e d  by a blow t o  the  
back o f  the neck, and v isua l  and motor c o r t i c e s  r a p id l y  d issec ted  
freehand as p rev io us ly  descr ibed (Chapter 2) and placed on ice .  
Biochemical Procedure
Homogenates con ta in ing  approx imate ly  15-20 mg t is s u e /m l  
were prepared as descr ibed p re v io u s ly  (Ohapter 5) and a c e t y l ­
cho l in es te rase  a c t i v i t y  was determined on f r e s h l y  homogenized 
t i s s u e  by the  method o f  E l l  man e t  £j_. (1961),  exac t  I y as 
descr ibed in Chapter 4. Dup l ica te  100 yl a l i q u o t s  o f  the  homo-
genate were taken f o r  p ro te in  de te rm ina t ion  by the  method o f  
Lowry ^  (1951),  using a BSA standard as p re v io u s ly
descr ibed (Chapter 4 ) .
S t a t i s t i c a l  Procedure
A l l  AChE r e s u l t s  were expressed as ymoles o f  su b s t ra te  
hydro Iysed/min/mg p r o te in ,  and c a lc u la ted  as means ± S.E.M. o f  
the animals in each c o n d i t i o n .  As an a l t e r n a t i v e  t o  s tandard ­
i z a t io n  o f  r e s u l t s ,  an a n a ly s is  o f  var iance procedure was 
adopted in which l i t t e r  v a r ia b le s  were sepa ra te ly  analysed and
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cor rec ted  f o r  in the a n a ly s i s .  As the number o f  animals per 
l i t t e r  va r ied  f rom 5-9 ,  in each experiment an unequal number 
o f  animals were present  in each c o n d i t io n ,  and an app ro p r ia te  
method t o  a l low  f o r  t h i s  unbalanced design was se lec ted  (SPSS 
Anova programme, unequal c e l l  f requenc ies ) .  Separate analyses 
o f  var iance were run f o r  the v isua l  co r te x ,  motor c o r te x ,  and 
v is u a l /m o to r  r a t i o  r e s u l t s .  Only pr imary and 2-way i n t e r ­
a c t io n  e f f e c t s  were computed. Animals were ca tegor ised  
according t o  l i t t e r  number ( l - l l )  type of  l i g h t  c o n d i t i o n  
( c o n d i t i o n s  L and CL being regarded as e q u iv a le n t  and D and 
DL as e q u iv a le n t ) ,  and whether wearing lenses o r  no t  ( i r r e s p e c t i v e  
o f  l i g h t  c o n d i t i o n ) .  Three-way (4 l i g h t  c o n d i t i o n s  x 2 lens 
c o n d i t io n s  x II l i t t e r s )  analyses were t h e r e fo re  computed.
Th is  anova procedure was i n i t i a l l y  adopted t o  safeguard a g a in s t  
the p o s s i b i l i t y  t h a t  chance s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e re n c e s  become more l i k e l y  in comparisons between s i x  
sets o f  data from two b ra in  reg ions .  S ig n i f i c a n c e  o f  d i f f e r e n c e s  
between con d i t io n s  were subsequent ly determined using the 
students t  t e s t  (2 t a i l e d  p r o b a b i l i t y  va lues ) .
Resu l ts  and Discussion 
F ig .  7.1 shows the r e s u l t s  o f  p r e l im in a ry  c o n t r o l  
experiments performed t o  assess the  e f f e c t s  o f  the  e th e r  
a d m in is t ra t i o n  procedure on measured AChE le v e ls .  Each column 
represents the mean ±  S.E.M. o f  the  r e s u l t s  f rom 4-6 an ima ls .  
L i t te rm a te  animals were chosen, h a l f  of  which were exposed t o  
d ie th y l  e the r  f o r  90 s and k i l l e d  e i t h e r  5 min o r  3 h a f te rw a rd s ,  
subsequent procedures being performed as f o r  the  exper imenta l  
an imals.  Control  l i t t e r m a te  animals were t re a te d  s i m i l a r l y  w i th  
no e th e r  exposure.  The r e s u l t s  in d ica te  no s i g n i f i c a n t  
d i f f e re n c e s  in measured AChE le ve ls  between the two groups o f
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animals in e i t h e r  b ra in  reg ion a f t e r  e i t h e r  5 min o r  3 h.
However, a t rend t o  a depression in c o r t i c a l  AChE le ve ls  is 
de tec tab le  a f t e r  5 min (v isua l  co r te x ,  t  = 1.545).  Neg lec t ing  
the  u n l i k e l y  p o s s i b i l i t y  o f  an in te r a c t io n  between one 
exper imental  t rea tm en t  r a th e r  than a n o th e r , f o l l o w in g  the  
a d m in is t r a t i o n  o f  e the r  dur ing  the exper imental  procedure,  i t  
was assumed t h a t  as a l l  animals,  whether wearing lenses o r  not ,  
had s i m i l a r  e th e r  exposure,  the  d i f f e re n c e s  repor ted are due t o  
the  exper imental  man ipu la t ions  alone.
The r e s u l t s  o f  the ana ly s is  o f  va r iance  procedure are 
summarized in Table 7 .1 .  As the re  were no s i g n i f i c a n t  i n t e r ­
a c t io n  e f f e c t s ,  these are excluded from the Tab le .  The e f f e c t s  
o f  the l i g h t i n g  v a r ia b le  are s i g n i f i c a n t  on AChE le v e ls  in the  
v isua l  co r tex  ( f  = 5.17, p < 0.02)  but not in the motor c o r te x  
(F = I . I ) .  L i t t e r  v a r i a b i l i t y  c o n t r ib u te s  a s i g n i f i c a n t  
p ropo r t ion  o f  the t o t a l  va r iance  in both the  v isu a l  (F = 3 .87, 
p < 0.01) and motor co r te x  (F = 4.55, p = 0.005) data ,  bu t  not 
in the r a t i o  o f  the two. Th is  l a t t e r  r e s u l t  in d ic a te s  t h a t ,  
a l though the mean le ve ls  o f  enzyme vary  s i g n i f i c a n t l y  between 
l i t t e r s  in each o f  the b ra in  reg ions,  the p ro p o r t io n  in the 
two b ra in  areas is r e l a t i v e l y  cons tan t  (w i th  h ighe r  AChE 
a c t i v i t y  being found in the  motor c o r t e x ) ;  nor were th e re  
any s i g n i f i c a n t  i n te r a c t io n s  found between l i t t e r s  and the l i g h t  
exposure v a r ia b le .  Th is  l a t t e r  r e s u l t  ind ica tes  t h a t ,  a l though 
in d iv id u a l  animals can -  indeed do -  vary in t h e i r  response to  
l i g h t  exposure,  the re  are no c o n s is te n t  l i t t e r - o r i e n t a t e d  e f f e c t s  
o the r  than in the  mean leve ls  o f  b ra in  enzyme. On the  assumption 
t h a t  t o t a l  gene t ic  pool var iance between l i t t e r s  is  l a rg e r  than 
t h a t  w i t h in  l i t t e r s ,  even in our c lo s e ly  inbred co lony ,  t h i s  
r e s u l t  would p o in t  t o  l i t t l e  e f f e c t  o f  any g en e t i c  d i f f e r e n c e s
54,
Legend t o  Figure 7.1
The e f f e c t  o f  a con t ro l  90 s d ie th y l  e the r  
a d m in is t ra t i o n  on a c e ty lc h o l i n e s te ra s e  (ymoles of  
subs t ra te  hydro Iysed/min/mg p ro te in )  leve ls  in v isua l  
and motor co r tex  o f  50 day old normal r a ts ,  determined 
5 min and 3 h a f t e r  a d m in is t r a t i o n .  Each bar 
represents  the  mean ± S.E.M. o f  4-6 animals exposed 
t o  e the r  ( s t r i p e d  bars) o r  non-exposed I i t t e rm a te s  
(wh i te  b a r s ) .
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between l i t t e r s  in f lu e n c in g  the neurochemical responses to  
i n i t i a l  v isua l  exper ience.  The outcome o f  t h i s  ana lys is  
a lso  prov ides f u r t h e r  s t a t i s t i c a l  a f f i r m a t i o n  o f  the 
procedure o f  s ta n d a rd iz a t io n  o f  r e s u l t s  based around l i t t e r s  
which has p re v io u s ly  been employed in t h i s  s tudy ,  and in our  
labo ra to ry  g e n e ra l l y .
Table 7.1 a lso  ind ica tes  t h a t  the presence o f  the  lenses 
per se (over a l l  l i g h t  exposure c o n d i t io n s  ) prov ides  no 
sys temat ic  e f f e c t  on the data,  and t h i s  was regarded as an 
e ssen t ia l  con t ro l  procedure.  I t  is not  ru led  ou t  t h a t  the  
c l o s e - f i t t i n g  occ luders  may induce some level  o f  s t re s s ;  i f  
t h i s  is the case,however, i t  has not acted t o  a f f e c t  the 
presen t r e s u l t s .  In view o f  t h i s ,  f o r  purposes o f  f u r t h e r  
a n a ly s i s ,  c o n d i t io n  CL can be regarded as e q u iv a le n t  t o  
c o n d i t io n  C,and c o n d i t io n  DL t o  c o n d i t io n  D.
Table 7.2 prov ides  a summary t a b u la t i o n  o f  the  enzyme 
a c t i v i t y  measurements ± S.E.M. in each of  the c o n d i t io n s ,  
toge the r  w i th  the occ luder  types assoc ia ted ,  and F ig .  7.2 
prov ides  a g raph ica l  i n d ic a t i o n  o f  these f i g u r e s .  The o v e r a l l  
e le v a t io n  in v isua l  co r tex  enzyme in the animals exposed t o  
the pat terned l i g h t  over the dark c o n t ro ls  is 15^ ( t  = 2 .88,  
D.F. = 33, p < 0.01) and the  e le v a t io n  in the  d i f f u s e  l i g h t  
exposed animals was some 17^ ( t  = 3.45, D.F. = 29, p < 0 .0 1 ) .  
The equ iv a le n t  comparisons in the motor c o r te x  are not 
s t a t i s t i c a l l y  s i g n i f i c a n t  in e i t h e r  case, al though a t rend  t o  
an increase was observed (5^ increased in the  pa t te rned l i g h t  
exposed animals and 6^ in the  d i f f u s e  l i g h t  exposed). Th is  
t rend t o  an increase in motor co r tex  enzyme-, a l though small 
and i n s i g n i f i c a n t  s t a t i s t i c a l l y ,  was a lso  noted in the  
exper iments descr ibed in Chapter 5, and was a lso  repor ted by
15:
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TABLE 7.2
A c e ty l c h o l in e s te ra s e  a c t i v i t y  in v isua l  and motor c o r te x  
o f  normal,  pat te rned,and d i f f u s e  l i g h t  exposed and 
unexposed I i t t e rm a te  r a t s .
Cond i t  ion
L igh t
exposed L 
L ig h t
exposed CL 
L igh t
exposed TL
Dark con t ro l  
D
Dark con t ro l  
DL
Norma I N
Occluder type Visual  c o r te x  Motor co r te x
a c t i v i t y  a c t i v i t y
None
C I ea r
0.0753 ± 0 .0033 0 .0830  ± 0 .0034
0.0733  ± 0 .0046 0 .0 7 60  ± 0 .0044
D i f f u s i n g  0.0757 ± 0.0027 0.0801 ± 0 . 0 0 3 5
None 0 .0 0 6 4 l±  0 .0020  0 .0764± 0 .0035
Opaque 0.0654 ± 0 .0029 0 .0754  ± 0 .0039
None 0 .0686 ± 0 .0024 0 .0726  ± 0.0041
Enzyme a c t i v i t y  is expressed as ymoles subs t ra te  hyd ro lysed /  
min/mg p r o te in .  Resu l ts  are means ± S.E.M. o f  II exper iments 
i n v o lv ing  II separate l i t t e r s  each o f  5-9 an ima ls .
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Legend t o  Figure 7.2
A c e ty lc h o l in e s te ra s e  le ve ls  (Pmoles o f  subs t ra te  
hvdroIysed/min/mg p ro te in  ) in v isua l  and motor c o r te x  
o f  50 day o ld  dark  reared ra ts  exposed t o  3 h per iods 
o f  d i f f u s e  and pat terned l i g h t ,  in dark reared and 
unexposed, and in normal ly  reared I i t t e r m a te s .  Each 
bar represents the  mean ± S.E.M. o f  8-15 an imals .  
Numbered bars represent  as f o l l o w s : -
1. L igh t  exposed with no lenses
2. L ig h t  exposed wearing t ra n s p a re n t  lenses
= pat te rned 
I i g h t  exposed
3. L ig h t  exposed wearing l i g h t  d i f f u s i n g  = d i f f u s e
lenses I ig h t  exposed
4. Dark c o n t r o l s  placed in opaque boxes
5. Dark c o n t r o l s ,  l i g h t  exposed, wearing 
opaque Ienses
= unexposed
6. Normal ly reared l i g h t  exposed I i t te rm a tes  
Patterned l i g h t  exposed/unexposed = 1.15 ( t  = 2.8 
p < 0.01) in v isua l  c o r te x .
D i f fu s e  l i g h t  exposed/unexposed = 1.17 ( t  = 3 .45,  
p < 0.01) in v isua l  c o r re x r
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Sinha and Rose (1976).  The poss ib le  s ig n i f i c a n c e  o f  t h i s  
t rend  w i l l  be discussed l a t e r .  The AChE a c t i v i t y  in e i t h e r  
b ra in  reg ion in normahly reared animals is once aga in  not 
s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  o f  t h e i r  dark  reared and 
unexposed I i t t e r m a te s .
In the terms o f  the quest ion  which was posed a t  the 
beginning o f  t h i s  chap te r ,  and which these exper iments were 
designed t o  e lu c id a te ,  what aspects o f  the new s t im u lus  
s i t u a t i o n  f o r  the  l i g h t  exposed animals may be s a l i e n t  in 
the a l t e r a t i o n  o f  AChE a c t i v i t y  in the v isua l  cor tex?
Cond i t ion  DL, in which animals wearing opaque lenses were 
exposed t o  l i g h t  and were a ls o  u n l i k e  the normai dark  c o n t r o l s  
p re v io u s ly  used in t h a t  they were not iso la ted  in the  phys ica l  
enc losure o f  a box, p rov ides one c o n t r o l .  As enzyme 
a c t i v i t y  is not elevated in t h i s  group, t h i s  in d ic a te s  the  
e f fe c t i v e n e s s  o f  the  occ luders ,  and prov ides more d i r e c t  
evidence than has p re v io u s ly  been obtained t h a t  the  enzyme 
changes are r e la te d  to  the v isua l  exper ience s o l e l y  and no t ,  
f o r  example, t o  any n o n -s p e c i f i c  aspects o f  the  s t im u lus  
s i t u a t i o n  such as poss ib le  a l te r e d  a u d i to ry  inpu t ,  temperature 
change, a i r  c u r re n ts  o r  o l f a c t o r y  s t im u la t io n .
What aspects o f  the new v isua l  exper ience may then be 
important? I t  has been shown ( M i l l e r  and Cooper, 1974) t h a t  
the a p p l i c a t i o n  o f  l i g h t  d i f f u s i n g  con tac t  occ iuders  r e s u l t s  
in a f a i l u r e  o f  the  normal hooded r a t ,  using a t r a i n i n g  
procedure,  t o  d i s c r im in a te  between simple v isu a l  s t i m u l i  
which were matched ; fo r  t o t a l  b r igh tness .  Al though our  animals 
have not been tes ted  f o r  v isua l  a b i l i t y  rear ing these occ lude rs ,  
and desp i te  poss ib le  d i f f e re n c e s  in the  nature o f  the  p resen t  
occ luders ,  w i th  the known lesser  v isua l  a c u i t y  o f  the  a l b in o
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r a t  (Munn, 1950) and a f t e r  a per iod o f  dark re a r in g ,  i t  is a t  
leas t  a safe in fe rence t h a t  the processes of  v isu a l  perceptual  
learn ing must be much reduced in the presence o f  the l i g h t  
d i f f u s i n g  occ luders  compared a t  leas t  t o  the p o t e n t ia l  
o p p o r tu n i t i e s  in the two normal l i g h t  exposed c o n d i t i o n s .  
Neverthe less,  the e le v a t io n  in a c e t y l c h o l i n e s te ra s e  is s t i l l  
p resen t.  The r e s u l t s  from these experiments then prov ide  no 
d i r e c t  suppor t  f o r  a hypothesis  t h a t  the changes observed in 
v isua l  co r tex  AChE are d i r e c t l y  r e la te d  t o  processes o f  
perceptual  lea rn ing .  However, w i th  t h i s  e s s e n t i a l l y  negat ive 
r e s u l t ,  nor can the oppos i te  conc lus ion be assumed. W h i l s t  
v isua l  s t im u la t io n  as an exp lana t ion  is not ru led  o u t ,  i t  is  
not  n e c e ssa r i l y  nor even probably  ind ica ted  t o  the exc lus ion  
o f  an a l t e r n a t i v e  exp lana t ion .  Table 7.3 prov ides some poss ib le  
behavioural  i n t e r p r e t a t i o n s  o f  the changes observed in v isu a l  
co r tex  AChE in each o f  the  5 exper imental  c o n d i t io n s  f o r  the 
dark reared animals.  Th is  has been compiled from the known 
v isua l  a b i l i t i e s  o f  normal,  dark reared and occluded r a t s .  These 
in t e r p r e t a t i o n s  can on ly  be regarded as t e n t a t i v e ,  as d i f f e r e n c e s  
in length o f  v isua l  d e p r i v a t io n  and s t r a i n  d i f f e r e n c e s  may make 
e x t ra p o la t i o n  t o  our colony less than f u l l y  a p p ro p r ia te .  Rose 
(1967) has noted t h a t  50 day old dark reared a l b in o  ra t s  can 
perform s u c c e s s fu l l y  on the standard v isua l  c l i f f  apparatus w i t h in  
minutes o f  f i r s t  v isua l  exper ience,  i n d ic a t i n g  an i n t a c t  a b i l i t y  
t o  d i s c r im in a te  gross depth d i f f e r e n c e .  Tees (1974) has repor ted  
t h a t  dark  reared Long -Evans s t r a i n  r a t s  do not  improve on t h e i r  
a b i i i t y  t o  perform s u c c e s s fu l l y  on the  v isua l  c l i f f  as r a p i d l y  
as l i g h t  reared c o n t r o l s  a f t e r  20 days of  age, w h i le  Walk and 
Walters (1973) have repor ted an impairment o f  f i n e  depth 
d i s c r im in a t io n  a f t e r  on ly  30 days dark  rea r ing  in the hooded r a t .
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Tees (1968) has found t h a t  95 day old dark reared Long-Evans 
ra ts  can d i s c r im in a te  s imple geometr ical  f i g u r e s ,  and l ines  
in va r ious  o r i e n t a t i o n s ,  as we l l  as l i g h t  reared c o n t r o l s ,  but  
t h a t  the re  was an impairment in a c q u i s i t i o n  o f  a complex 
pa t te rn  d i s c r im in a t i o n ,  and f u r t h e r  (Tees, 1972) t h a t  the  
a b i l i t y  t o  gene ra l i se  t h i s  v isua l  d i s c r im in a t io n  was impaired.
I t  is known t h a t  the a lb in o  r a t  can d i s c r im in a te  r e l a t i v e l y  
wel l  b r igh tness  (Walton and Bornemeier,  1939) and c o lo u r  
( S i l v e r ,  1967) d i f f e r e n c e s ,  and no evidence has been put  
forward t h a t  these a b i l i t i e s  are s i g n i f i c a n t l y  impaired in the 
dark reared ra t s .
O ppo r tu n i t ie s  f o r  v i s u a l l y  mediated new lea rn ing  processes 
dur ing i n i t i a l  exposure t o  l i g h t  are c e r t a i n l y  t h e r e fo r e  present,  
Some aspects of  the t o t a l  v isua l  s t im u lus  can, on the  r e s u l t s  
repor ted in t h i s  chap te r ,  be excluded as being e s s e n t ia l  
c o r re la te s  o f  the increased a c e ty lc h o l i n e s te ra s e  a c t i v i t y  in 
the v isua l  c o r te x  f o l l o w in g  the v isua l  exper ience . Al though 
Chorover and Chase (1968) presented evidence t h a t  the  a l b in o  
r a t  can e f f e c t i v e l y  improve v isua l  p a t te rn  d i s c r i m i n a t i o n  in 
s p i t e  o f  b inocu la r  o c c lu s io n ,  the type o f  occ luder  employed 
in the experiments descr ibed here con tac ts  the e n t i r e  corneal  
sur face cover ing p a r t  o f  the s c le ra l  boundary,and would prec lude 
such e f f e c t s  (Bonnet, 1973). As re fe r red  t o  e a r l i e r .  M i l l e r  and 
Cooper (1974) re p o r t  the  f a i l u r e  o f  the  normal r a t  t o  
d i s c r im in a te  s imple v i s u a l l y  presented s t im u l i  which were 
matched f o r  b r igh tness ,  f o l l o w in g  the a p p l i c a t i o n  o f  t r a n s lu c e n t  
occ luders .  T he i r  r e s u l t s  a l s o  ind ica ted  t h a t  r a t s  wearing 
t r a n s lu c e n t  occ luders  can make d i s c r im in a t io n s  on the  bas is  o f  
f I u x  cues.
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The conc lus ions o f  Table 7.3 cannot, however, be extended 
beyond the  changes we have observed in a c e ty lc h o l i n e s te ra s e ,  
even to  the  o the r  c h o l i n e r g i c  components. Changes in the  le ve ls  
o f  the degradat ive  enzyme which is present in some non- 
c h o l i n e r g i c  neurones ( e .g .  as is known in the cerebe l lum) may 
a r i s e  as a ' s i d e  e f f e c t '  o f  o the r  ongoing changes and may not 
be comple te ly  i n d i c a t i v e  o f  the organised c e l l u l a r  response t o  
p a r t i c u l a r  exper ience.  Th is  is  subs tan t ia ted  from the  r e s u l t s  
o f  two p a r a l l e l  s tud ies  on e a r l y  learn ing in the  c h i c k  (Rose, 
1978b). Fo l low ing exposure t o  an im p r in t in g  s t im u lus  a l s o  
in v o lv in g  v isua l  s t im u la t io n ,  changes in a c e t y l c h o l i n e s te r a s e  
in f o re b ra in  areas are detected (Haywood, Hambley and Rose,
1975). Fo l low ing a s p e c i f i c  p iece o f  new learn ing  (pass ive 
avoidance o f  an ave rs ive  t a s t i n g  bead), no changes in AChE 
are de tec ted,  w h i l s t  the re  is an increase of  2 1^ in ^H QNB 
b ind ing  in the fo re b ra in  which fo l l o w s  a s p e c i f i c  t im e course 
(Rose, Gibbs and Hambley, 1979). On the o th e r  hand, the 
increases in AChE and ^H ONB b ind ing  f o l l o w in g  v isua l  
exper ience in the r a t  f o l l o w  a s i m i l a r  t ime course.  No 
changes in e i t h e r  marker are de tec tab le  a f t e r  the  i n i t i a l  hour 
o f  exposure (unpubl ished obse rv a t io n s ) ,  and both have re tu rned 
t o  co n t ro l  leve ls  a f t e r  24 hours o f  cont inuous exposure (Rose 
and Stewart ,  1978). There is much evidence in the  r a t  -  and 
in o the r  species s tud ies  -  t h a t  memory f o r  a learned behaviour  
has a s ho r t - te rm  component la s t i n g  v a r io u s ly  some minutes t o  
hours,  dur ing which per iod c o n s o l id a t io n  can be f a i r l y  e a s i l y  
d is rup ted  by e l e c t r i c a l  (Zorne tzer  and McGaugh, 1970) o r  
pharmacological  (Pearlman £ t  £j_. 1961) in te r v e n t i o n ,  presumably 
before bra in  processes under ly ing  more permanent f i x a t i o n  are 
o p e ra t i v e .  An hypothesis  which has been advanced (Rose and
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Stewart ,  1978) t o  account f o r  the t ime course of  changes in the  
c h o l i n e r g i c  system fo l l o w in g  v isua l  exper ience is t h a t  
m o b i l i s a t i o n  of  t h i s  system could represent an aspect  of  
synap t ic  p o t e n t i a t i o n  associated w i th  the l a b i l e  phase o f  the 
f i x a t i o n  o f  exper ience.  The present  r e s u l t s  are c o n s is te n t  
w i th  and extend t h i s  hypothes is .  An in d ic a t io n  t h a t  an 
exp lana t ion  in terms o f  s imple l i g h t  s t im u la t i o n ,  which might  
be sa id ,  f o r  example, t o  t r i g g e r  biochemical changes in response 
t o  enhanced n e u ro e le c t r i c  a c t i v i t y  in the  v isua l  system is not 
e n t i r e l y  s a t i s f a c t o r y ,  is perhaps provided by the  r e s u l t s  o f  BigI  
and Schober (1977).  These in d ic a te  t h a t  in the r a t  ACh is not 
l i k e l y  t o  be involved in synap t ic  t ransmiss ion  o f  the v isua l  
system e i t h e r  a t  the c o r t i c a l  o r  sub c o r t ic a l  l e v e l .  I t  a lso  
appears t h a t  the m a jo r i t y  o f  a f f e r e n t  c h o l i n e r g i c  f i b r e s  t o  the 
r a t  neocortex may p r o je c t  from c e l l s  in the basal f o re b ra in  
(Big I  and B ieso ld ,  1978), an area which is known t o  be involved 
in cen t ra l  i n t e g r a t i v e  processes involved in le a rn ing .
An exp lana t ion  which may • then be put 
forward and. which,  a l though s p e c u la t iv e ,  can s a t i s f a c t o r i l y  
account f o r  a l l  the  data,  is t h a t  new learn ing  phenomena 
occu r r ing  r a p id l y  dur ing  the i n i t i a l  few hours o f  l i g h t  exposure 
may re q u i re  the  involvement o f  ce n t ra l  i n te g ra t i n g  processes 
in the basal fo rebra in  p r o je c t i n g  c h o l in e rg i c a I  I y t o  the  neocor tex .  
The enhanced synap t ic  f a c i l i t a t i o n  thus  occu r r ing  a t  the c o r t i c a l  
level  may be associated w i th  the increases in a c e t y l c h o l i n e s te r a s e  
This  exp lana t ion  is a lso  c o n s is te n t  w i th  the tendency which has 
been observed f o r  increases in AChE to  occur in the  o th e r  
c o r t i c a l  area s tud ied ,  the increase in the a n t e r i o r  reg ion  being 
approx imate ly  one t h i r d  (Wood and Rose, 1979b) t o  one h a l f  (Sinha 
and Rose, 1976; Wood and Rose, 1979a) t h a t  o c c u r r in g  in o c c i p i t a l
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areas. Thus, al though a concen t ra t ion  o f  the response is 
predominant ly occu r r ing  in areas involved in recep t ion  and 
processing o f  v isua l  in fo rm a t ion ,  t h i s  is not complete.  I t  is  
reasonable t o  assume t h a t  i f  b ra in  processes under iy ing  lea rn ing  
and memory are a i te re d  f o l l o w in g  f i r s t  v isua l  exper ience,  t h a t  
o th e r  c o r t i c a l  areas inc lud ing  ass o c ia t io n  co r te x  may d i s p la y  
de tec tab le  neurochemical changes. Fo l low ing the massive 
behavioural  s t im u lus  which i n i t i a l  v isua l  exper ience represents ,  
a d i f f u s e  a c t i v a t i o n  of  many f i b r e  t r a c t s  may be invo lved,  al though 
not a l l  changes may be c u r r e n t l y  de tec tab le .  The b ra in  is  p r i m a r i l y  
an organ o f  c o -o rd in a t io n  and communication:  w i th  the  env ironment 
through sensory systems and e f f e c t o r s ;  between pa r ts  o f  i t s e l f ;  and 
w i th  o the r  par ts  of  the nervous system. The search f o r  an 
in c re a s in g ly  small anatomical area in which t o  f i n d  s p e c i f i c  
biochemical  changes t o  assoc ia te  w i th  an in c re a s in g ly  l im i te d  
type o f  iearn ing  -  which has been the prime focus o f  neuro­
chemis t ry  in t h i s  area -  may y e t  end in the d e te c t io n  o f  a 
unique and massive change in a s in g le  bra in  f i b r e  comple te ly  
and on ly  c o r re la te d  w i th  a s p e c i f i c  p iece  o f  learned behav iour .
Hav i ng achieved t h i s ,  i t  may have comp Ie te I  y exp I a i ned noth ing.
Cone I us ions
Using a c e ty lc h o l i n e s te ra s e  as a biochemical  marker,  changes 
in v isu a l  co r te x  enzyme were monitored in groups o f  dark  reared 
animals exposed t o  3 h per iods o f  c o n t r o l l e d  i I  Ium ina t ion .  Levels in 
animals f i t t e d  w i th  l i g h t  d i f f u s i n g  s c le ra l  c on tac t  occ luders ,  
and th e re fo re  lacking h ig h ly  s t ru c tu re d  v isua l  in fo rm a t io n ,  were 
e levated 17^ over dark  con t ro l  animals,  but  t h i s  was not d i f f e r e n t  
from the increase observed in animals exposed t o  normal l i g h t i n g  
c o n d i t io n s .  Control  c o n d i t io n s  ind ica ted  t h a t  the  occ luders  had 
no e f f e c t  on the enzyme leve ls  measured, and t h a t  the increases
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were s p e c i f i c a l l y  assoc ia ted w i th  c e r t a in  aspects o f  the v isua l  
exper ience. The r e s u l t s  were discussed in r e l a t i o n  to  
behavioural  evidence on v isua l  a b i l i t i e s  of  animals in each o f  
the l i g h t  exposure c o n d i t io n s ,  and t o  evidence in d i c a t i n g  the  
involvement o f  a c t i v e  c h o l i n e r g i c  te rm in a ls  in the r a t  c o r te x .  
They were in te rp re te d  as in d ic a t i n g  t h a t  the f u n c t io n a l  s t im u lus  
f o r  a l t e r a t i o n s  in v isua l  c o r te x  a c e t y lc h o l i n e s te ra s e  is l i a b l e  
to  invo lve learn ing  processes, but need not invo lve  h igher  
func t ions  o f  perceptual  process ing.
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CHAPTER EIGHT
FINAL DISCUSSION
The purpose o f  t h i s  f i n a l  chapter  is t o  summarize the main 
f i n d in g s  o f  t h i s  p r o je c t  and to  r e la t e  these r e s u l t s  t o  some o f  
the conceptual  issues ra ised in the I n t r o d u c t io n .  Some 
unanswered issues and suggest ions f o r  f o l l o w in g  these up are 
a lso  ind ica ted .  The main themes o f  enqu iry  developed in t h i s  
p r o je c t  may be encapsulated in the fo l l o w in g  q u e s t i o n s : -  
Is the e x te n t  and nature o f  the s ta te  dependent elements o f  
c o r t i c a l  p ro te in  syn thes is  r e la ted  t o  environmental  and 
developmental va r iab les?
Is the t r a n s i e n t  nature o f  the I i g h t  induced increases in the 
leve ls  o f  ACh markers re la ted  t o  a heightened neural  a c t i v i t y  
assoc ia ted w i th  in fo rmat ion  a c q u i s i t i o n  o r  conso l ida t ion?
Are these changes independent and in v a r i a n t ,  o r  do they  i n t e r a c t  
w i th  e x i s t i n g  f l u c t u a t i o n s  in enzyme leve ls  and /o r  behav ioura l  
measures?
Are the exposure re la ted  e le v a t io n s  in these markers dependent 
upon e x pe r im e n ta l ly  manipulated behavioural  a c t i v i t y ?
What v isua l  s t im u l i  are nec e s s a r i l y  assoc ia ted w i th  an increased 
enzyme level  dur ing i n i t i a l  v isua l  experience?
Some r e s u l t s  bearing on these quest ions have been presented 
in a s e r ie s  o f  experiments as f o l l o w s .  Evidence emerged from some 
p re l im in a ry  experiments descr ibed in Chapter 2 t h a t  the  increase 
o f  in co rpo ra t ion  o f  label led lys ine  in to  v isua l  c o r te x  p ro te in s  
assoc ia ted w i th  a I h exposure o f  7 week o ld  animals t o  l i g h t  is  
d i f f e r e n t i a l l y  t r i g g e re d  dependent upon the env ironmental  
l i g h t in g /e x p o s u re  c o n d i t io n s ,  the increase not being de tec ted  
under con d i t io n s  o f  very low ambient i l l u m i n a t i o n .  Th is  r e s u l t  
is c o n s is te n t  w i th  prev ious  f in d in g s  from t h i s  la bo ra to ry  (Rose, 
Sinha and Broomhead, 1973).
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The large increase in the in co rpo ra t ion  measure, but which 
was not  v isua l  co r te x  s p e c i f i c ,  which was detected on l i g h t  
exposure immediately a f t e r  the age o f  natura l  eye o p e n in g , i s  
i n d i c a t i v e  o f  a s u b s ta n t ia l  and p os s ib ly  f u n c t i o n a l l y  impor tant  
change in b ra in  metabol ism a t  a s i g n i f i c a n t  developmental stage 
which i n te r a c t s  w i th  the  environmental  s t im u lus .  Experiments 
w i th  ano ther se r ies  o f  s tud ie s  on v isua l  exper ience in the  r a t ,  
using a s i m i l a r  exper imental  design (Per ry  and C ro n ly -D i I  Ion, 
1978) have noted a large increase in the syn thes is  o f  a 
s p e c i f i c  type o f  p ro te in  ( t u b u l i n )  in the v isua l  c o r te x  a t  t h i s  
age f o l l o w in g  eye opening and l i g h t  exposure,  but not eye 
opening alone.
The unexpected f a i l u r e  t o  de tec t  an enhanced in c o rp o ra t io n  
fo l l o w in g  l i g h t  exposure of  dark reared weanl ing an imals was 
a t t r i b u t e d  t o  environmental f a c to r s  ra the r  than a t r u e  deve lop­
mental d i f f e r e n c e ,  in view o f  subsequent r e s u l t s  obta ined w i th  
the acetylchol ine system. These ind ica ted  a d iu rn a l  r h y th m ic i t y  
in the response t o  l i g h t  exposure leading t o  a re f inement  o f
exper imental  design. .
The c e l l u l a r  responses t o  dark rear ing  
and subsequent l i g h t  exposure invo lve a number o f  b iochemical
systems, and the demonstrat ion o f  changed ra tes  o f  i n c o rp o ra t io n
o f  p recursors  in to  p ro te in s  revea ls  one aspect o f  t h i s  phenomena
Some evidence was presented in Chapter 3 o f  the  p os s ib le
fu n c t io n a l  and behavioural  s i g n i f i c a n c e  of  changes in enzyme
le ve ls  involved in ACh metabol ism fo l l o w in g  v is u a l  exper ience .
The increase in v isua l  c o r te x  a c e t y l c h o l i n e s t e r a s e , f o l l o w in g  a
th ree  hour per iod o f  exposure,  was found to  be d i u r n a l l y
rhy thm ica l ,  as were the  endogenous le ve ls  o f  t h i s  enzyme in the
motor c o r te x  of  dark reared and normal an imals.  The exposure-
induced e le v a t io n ,  i t  was surmised, was re la ted  t o  the  level  o f
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Visual  a t t e n t i o n  dur ing  exposure.  I t  was demonstrated t h a t  
dark maintained animals d isp layed a c i r c a d ia n  rhythm o f  
behaviour both in cons tan t  darkness and in t e r a c t i n g  w i th  t ime 
o f  l i g h t  exposure,  and t h i s  provided some i n d i r e c t  suppor t  f o r  
the above hypo thes is .  Chapter 6 presented r e s u l t s  i n d ic a t i n g  
t h a t  the l i g h t  induced e le v a t io n s  in v isua l  c o r te x  AChE and 
mAChr p ro te in  were present  f o l l o w in g  c o n t r o l l e d  m an ipu la t ion  o f  
the behavioural  a c t i v i t y  level  dur ing  l i g h t  exposure, and 
f u r t h e r  t h a t  t h i s  procedure resu l ted  in measurable a l t e r a t i o n s  
in motor c o r te x  b iochem is t ry ;  these e f f e c t s  were de tec tab le  
across a wide range of  lengths o f  v isua l  d e p r i v a t io n  p r i o r  t o  
new exper ience.  I t  was not poss ib le  t o  r e la t e  these e f f e c t s  
t o  the c o r r e l a t i o n  which had p re v io u s ly  been observed between 
the spontaneous leve ls  o f  motor a c t i v i t y  and the  motor co r te x  
enzyme leve ls  in dark  maintained animals,  and the  in f luence  
o f  s t ress  e f f e c t s  were considered. An in t e r e s t i n g  d i f f e r e n t ­
i a t i o n  o f  response between normal ly  reared and dark maintained 
animals was observed in endogenous c o r t i c a l  AChE le v e ls ,  and 
in the response t o  c o n t r o l l e d  locomotion. These e f f e c t s  were 
not in ves t iga ted  a t  d i f f e r e n t  po in ts  o f  the c i r c a d ia n  c y c le  
o f  a c t i v i t y  in these animals,  and t h i s  might  p rov ide  f u r t h e r  
useful  in fo rm a t ion .
I t  was poss ib le  from the exper iments descr ibed in Chapter 
7 t o  reso lve some quest ions concerning necessary v i s u a l l y  
presen t s t im u l i  assoc ia ted w i th  the increase in v isu a l  c o r te x  
AChE, by man ipu la t ing  v isua l  input  w i th  corneal c o n ta c t in g  
lenses dur ing l i g h t  exposure.  The re s u l t s  were in te rp re te d  in 
r e l a t i o n  to  the v isua l  a b i l i t i e s  o f  the animals under degrees 
o f  r e s t r i c t i o n  of  exper ience,  and c l e a r l y  in d ica ted  t h a t  a 
cons iderab le  a t te n u a t io n  o f  s t im u lus  in fo rm at ion  d id  not
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abo l ish  t h i s  v isua l  co r te x  biochemical  response. There is no 
evidence t o  extend these conc lus ions beyond the enzymic marker 
which was s tud ie d .
The problems o f  i n t e r p r e t i n g  exper iments in v o lv in g  a change 
in the environment o r  behaviour o f  an animal even under def ined 
exper imental  c o n d i t io n s ,  were a l luded t o  in Chapter I ,  and w i l l  
not  be re c a p i tu la te d  here. The experiments descr ibed in t h i s  
p r o je c t  have been one approach t o  i n t e r p r e t i n g  the s ig n i f i c a n c e  
o f  some environmental  v a r ia b le s  assoc ia ted w i th  t h i s  
exper imental  design. i t  cannot be sa id  t h a t  the  sum t o t a l  o f  the 
evidence is s u f f i c i e n t  t o  conclude t h a t  the  t r a n s i e n t  changes 
in c h o l i n e r g i c  synap t ic  markers are nec e s s a r i l y  assoc ia ted w i th  
learn ing  processes which may occur  on v isua l  exposure.  I t  Is 
u n l i k e l y  t h a t  the  changes s o l e l y  a r i s e  from an a l te r e d  pa t te rn  
o f  s t im u la ted  n e u ro e le c t r i c  a c t i v i t y  in g e n i c u i o - s t r i a t e  
f i b r e s  re leas ing  ACh, as a l l  evidence ind ica tes  t h a t  t h i s  pa th ­
way is not mediated s y n a p t i c a l l y  by t h i s  substance: nor would
an exp lana t ion  which admits o f  a d i f f u s e  c o r t i c a l  a c t i v a t i o n  
mediated perhaps by way o f  a c h o l i n e r g i c  r e t i c u l o - c o r t i c a l  system 
account f o r  the v is u a l  c o r t i c a l  s p e c i f i c i t y  o f  the  responses.
There were no s i g n i f i c a n t  d i f f e re n c e s  in v isua l  c o r te x  
enzyme a c t i v i t y  leve ls  in animals subjected to  fo rced e xe rc ise ,  
and hence presumably in an e levated s ta te  o f  behavioura l  
a rousa l ,  compared to  qu iescen t  c o n t r o l s .  The employment o f  
the  l i g h t  c o n t r o l l i n g  occ luders  enabled an exper imenta l  design , 
where the on ly  d i f f e r e n c e  in exper imental  t rea tm en t  between 
the exposed animals and c o n t r o l s  was in r e l a t i o n  t o  the l i g h t  
exposure,  and i t  becomes consequent ly  improbable t h a t  any o th e r  
independent v a r ia b le s  are o f  s ig n i f i c a n c e .  Al though u n l i k e l y  
i t  does not r u le  ou t ,  f o r  example, an enhancement o f  fe a r  level
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associa ted w i th  aspects o f  i n i t i a l  v isua l  exper ience, o r  a l te re d  
b ra in  metabol ism assoc ia ted w i th  an increase in blood f low  
s p e c i f i c a l l y  t o  the  v isua l  areas through sensory s t im u la t i o n .
The m a jo r i t y  o f  changes in v isua l  co r tex  metabol ism which 
have been observed consequent upon i ig h t  exposure are o f  a 
t r a n s i e n t  na tu re ,  and are not de tec tab le  a f t e r  24 h o f  cont inuous 
exposure -  w i th  the except ions o f  the  a c t i v i t y  o f  some iysosomal 
enzymes not showing a c le a r  reg iona l  s p e c i f i c i t y  (Sinha and 
Rose, 1976), and in p a r t i c u l a r  the increase in a r a p id l y  
l a b e l l i n g  and exported neuronal g ly c o p ro te in  f r a c t i o n  (Rose and 
Sinha, 1974) which appears t o  be more permanent. Th is  l a b i l i t y  
o f  biochemical modulat ion is in marked c o n t ra s t  t o  the permanent 
m o d i f i c a t i o n  in c e l l u l a r  a r c h i t e c t u r e  f o l l o w in g  dark re a r ing  
and l i g h t  exposure -  the  morphological  c o r re la te s  o f  which were 
re fe r re d  t o  in Chapter I .  I t  appears l i k e l y  t h a t  some p a r t  o f  
the biochemical  changes w i l l  represent  rap id  homeostat ic 
adjustments ,perhaps associated w i th  increased neuronal a c t i v i t y ,  
r a th e r  than s p e c i f i c a l l y  r e f l e c t i n g  a change in the p a t te rn  o f  
neuronal c o n n e c t i v i t y .
Changes in c h o l i n e r g i c  enzyme le ve ls ,  as have p re v io u s ly  
been re fe r re d  to ,  might represent  an increase in the  t o t a l  
number o f  enzyme molecules as one r e s u l t  o f  the enhanced 
synthes is  o f  neuronal p r o te in ,  o r  the a c t i v a t i o n  o f  the  
preformed molecules.  Al though the tu rn ove r  of  a c e t y l c h o l i n ­
es terase in r a t  cerebra l  co r te x  is q u i t e  rap id  compared t o  
most b ra in  p ro te in s ,  the  ha i f - l i f e  has been c a lc u la te d  as 2.84 
± 0 . 1 3  days (Wenthold e t  £ j_., 1974). However, the  isozymes o f  
a c e t y l c h o l i n e s te ra s e  have a wide range o f  h a i f - l i v e s ,  one is o ­
zyme (Davis and Agranof f ,  1968) having been demonstrated t o  
tu rn  over w i th  a per iod o f  about 3 h, and hence changes in the
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t o t a l  number o f  enzyme molecules In response t o  a th re e  hour 
per iod o f  v isua l  exper ience is a poss ib le  exp lana t ion .
S i m i l a r l y ,  the h a l f  l i f e  o f  QNB b ind ing p ro te in  appears 
r e l a t i v e l y  s ho r t  (Rose, 1978a). The large increase in QNB 
b ind ing t o  the muscar in ic  c h o l i n e r g i c  recep to r  may in d ic a te  
the fo rmat ion  o f  new c h o l i n e r g i c  synapses o r  the  f a c i l i t a t i o n  
o f  t ransmiss ion  a t  e x i s t i n g  synapses, in response t o  a 
f u n c t io n a l  s t im u lus .  The t r a n s i e n t  nature o f  t h i s  e f f e c t  is 
i n t e r e s t i n g .  I t  has been demonstrated t h a t  some neurones 
dur ing normal development form t r a n s i e n t  synapses w i th  t u r n ­
over  ra tes  o f  less than 21 h in the c h ic k  r e t i n a  ( R u f fo lo  e t  a l . ,  
1978) . Conjectura I l y ,  the  increase may represent  an aspect o f  a 
response t o  i n i t i a l  v isua l  exper ience which r e c a p i t u la t e s  a 
delayed on togene t ic  matu ra t ion  o f  ’ f i n e  t u n i n g ’ sy nap t i c  
s p e c i f i c i t y .  As w i th  the enzyme changes, b ioc hem ic a l ly  t h i s  
increase may represent  new syn thes is  o f  recep to r  p r o t e in s .  As 
has p rev io us ly  been re fe r re d  t o ,  t h i s  exp lana t ion  is t e n t a t i v e l y  
ind ica ted ,  f o r  the  e le v a t io n  in. QNB b ind ing is  abo l i shed i f  
cerebra l  p ro te in  syn thes is  is  s imu l taneous ly  i n h ib i t e d  dur ing  l i g h t  
exposure (S.P.R. Rose, unpub l ished) .  This  r e s u l t  is  notewor thy 
in view o f  work on the  k in e t i c s  o f  i n h i b i t i o n  in the  presence o f  
puromycin,  in the c u i tu re d  c h ick  muscle. This suggests t h a t  
newly synthes ised p ro te in  components o f  recep to r  molecules are 
presen t as a pool o f  p recursor  m ate r ia l  which can supply  the  
sur face w i th  new ACh recep to rs  f o r  several  hours a f t e r  
i n h i b i t i o n  o f  p ro te in  syn thes is  (Fambrough e t  _a|_., 1978).
I t  is apparent t h a t  many of  the behavioural  issues 
sur rounding I earn ing,which were ra ised in Chapter I ,have no t  begun 
to  be tack led  e i t h e r  w i th  t h i s  o r  o th e r  exper imental  approaches t o  
neurochemical c o r re la te s  o f  exper ience and le a rn ing .  A d e s c r i p t i o n
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o f  the types and temporal parameters o f  the molecu la r  species 
involved in c e r t a in  p l a s t i c  adapta t ions  to  new a f f e r e n t  
in fo rm a t ion ,  which may be taken as a model f o r  adapta t ions  
under ly ing  more s p e c i f i c  forms o f  neuronal p l a s t i c i t y  involved 
in le a rn ing ,  is perhaps an asympto t ic  l i m i t  t o  which t h i s  
methodological  approach may tend. The dynamic and m o d i f ia b le  
bra in -behav ioura l -env i ronm enta l  i n t e r a c t i o n  is o f  such a 
complex nature t h a t  adequate t r a n s la t i o n a l  languages t o  
i n t e r p r e t  even de f a c to  c o r r e l a t i v e  components are u n s a t i s ­
f a c to r y .  I t  is a lmost c e r t a in  t h a t  many a t tempts  t o  prov ide 
exp lana t ions  o f  p a r t i c u l a r  behavioural  changes in terms o f  
l i n e a r  c o r r e l a t i o n s  w i th  b ra in  biochemical metabol ism r e f l e c t  
anomalies o f  p a r t i c u l a r  exper imental  designs. Neverthe less,  
cons iderab le  progress has been s t e a d i l y  achieved in t h i s  area, 
and a t  leas t  the d e f i n i t i o n  o f  o b je c t i v e s ,w h ic h  in some e a r l y  
s tud ies  were r e l a t i v e i y  unfocussed, have become c l a r i f i e d  in 
the wake o f  exper ience,  and some o f  the s o lu t i o n s  have become 
c le a re r .
F i n a l l y ,  t h i s  p r o je c t  has l e f t  many quest ions unanswered 
and ra ised several new ones. With the exper imental  design 
employed, the  e f f e c t s  o f  handl ing and o f  i s o l a t i o n  c o n t in g e n t  
upon f i r s t  exposure may not be e qu a l l y  a p p l i c a b le  t o  each 
group -  i t  might be o b j e c t e d , f o r  in s ta n c e , t h a t  the  e f f e c t  o f  
soc ia i  i s o la t i o n  may d i f f e r e n t i a l l y  s t res s  the animals being 
c o n c u r re n t ly  v i s u a l l y  exposed f o r  the f i r s t  t im e .  Fu r the r  
c o n t ro ls  could invo lve separa t ion  o f  animals i n to  in d iv id u a l  
cages some t ime p r i o r  t o  exper imental  t rea tm en ts ,  o r  
a l t e r n a t i v e l y  s p l i t t i n g  the  dark reared animals i n t o  two groups 
some t ime p r i o r  t o  exposure -  the exper imental  t rea tm en t  s imp ly  
in vo lv ing  removal o f  the cover from one box, o r  sw i tch ing  on
176.
in te rna l  i l l u m in a t i o n  in one box. This m o d i f i c a t i o n  is not 
a p p l i c a b le  to  in co rp o ra t ion  s tud ies  o r  o the r  procedures 
nece ssa r i l y  in v o lv ing  handl ing o f  the an imais ,  however.
A g rea te r  m o d i f i c a t i o n  o f  exper imental  c o n d i t io n s  cou ld  
employ e y e l i d  s u tu r in g  and exposure a t  d i f f e r e n t  ages dur ing  
development o f  normal and dark reared animals,  the c losed eyes 
being s e n s i t i v e  t o  l i g h t i n g  changes but not t o  o th e r  v isua l  
in fo rmat ion  through the e y e l i d s ,  i t  would be in t e r e s t i n g  t o  
determine how p r i o r  exposure t o  d i f f u s e  l i g h t  s t im u l i  du r ing  
development might a f f e c t  the response t o  subsequent v isua l  
exper ience.
As have been discussed in Chapter 7, the v isua l  a b i l i t i e s  
o f  dark reared ra ts  appear t o  be la rg e ly  unimpaired, al though 
a d i r e c t  demonstra t ion o f  v isua l  learn ing  occu r r ing  dur ing  
i n i t i a l  exposure and the e x te n t  of any cross-modal i n t e r a c t i o n  
could be i n s t r u c t i v e .  Th is  might invo lve the a c q u i s i t i o n  o f  
a t a c t i i e  o b je c t  d i s c r im in a t io n  through assoc ia t ion  w i th  
negat ive re in fo rcement  in darkness, fo l lowed by v is u a l  o b j e c t  
p resen ta t ion  dur ing l i g h t  exposure.  Behaviour towards the 
o b je c t  could be recorded poss ib ly  in a forced choice 
d i s c r im in a t io n  w i th  unexperienced o b je c t s ,  and responses compared 
w i th  naive c o n t r o l s .  This  could be e labora ted  f u r t h e r  by p re s e n t ­
a t io n  o f  v i s i b l e  and apparen t ly  real  but  i n ta n g ib le  s o l i d  o b je c ts  
produced by po la r ised  I ig h t  in a shadow c as te r ,  o r  by p r o je c t i o n  
through a f resne l  lens -  and measurement o f  s t a r t l e  responses.
Recording o f  eye movements could be employed as a f u r t h e r  
i n v e s t i g a t i v e  too l  dur ing  l i g h t  exposure.  E iec t roo cu Io g raph ic  
techniques couid prov ide an in d ic a t i o n  o f  the amount and 
d i r e c t i o n  o f  eye movements in f i r s t  exposed compared t o  normal 
and dark maintained animais,  and i t  would be poss ib le  t o
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c o r r e la t e  these w i th  v isua i  p resen ta t ion  of  s t im u l i  in an 
o therw ise  blank v isua l  f i e l d ,  g i v in g  a d i r e c t  i n d ic a t i o n  o f  
v isua l  a t t e n t i o n  t o  a v a r i e t y  o f  s t im u l i  and i t s  development 
through the exposure pe r iod .  Th is  could a lso  be achieved 
w i th  non - i n t e r v e r t i ve techn iques through record ing  o f  eye 
movements and o th e r  behavioural measures on f i l m  f o r  
subsequent a n a ly s i s .
These f u r t h e r  developments o f  behavioural methodology 
would go some way towards e lu c id a t i n g  the undoubtedly complex 
processes which are i n i t i a t e d  f o l l o w in g  the a r res tment  o f  
and c o n t r o l l e d  exposure t o  v isua l  exper ience.
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